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SUMMARY
A series of isotryptamine and hydroxyisotryptamine
derivatives were synthesized because of their potential
pharmacological activities.
The following results were achieved:
(1)

A new synthetic route was developed for the
preparation of isotryptamine and its N-alkyl
derivatives from isoindolin-1-one-3-ethanoic
acid.

(2)

A modified synthetic route was developed first
for the preparation of 1-nitrosodihydroxynaphthalenes, then for that of hydroxyisoindolin-1one-3-ethanoic acids and finally, for hydroxyisotryptamines and their N-alkyl derivatives.

(3)

It was shown that isoindolin-1-one-3-ethanamide,
hydroxyisoindolin-1-one-3-ethanamide and their Nalkylated derivatives can be synthesized in good
yield from the corresponding acids and urea
derivatives.

(4)

As standard reduction methods gave only very low
yields of isotryptamine derivatives the requirements of reducing lactamamide groupings were
reinvestigated.

Contrary to published reports

it was shown that boron trifluoride plays a
catalytic role in the reaction and it was
established that

(a)

the nature of the solvent used

(b) the order in which the reagents are
added and
(c)

the generation of diborane j_n si tu
determine the yield of the amine.

(5) A new tricyclic compound, isocarboline, was
synthesized by ring closure, via a methylene
bridge, between the two nitrogen atoms of
isotryptamine.

TABLE OF CONTENTS

SUMMARY

Page
(i

INTRODUCTION
A. PHYSIOLOGICAL ACTIVITY OF DIHYDROISOINDOLE
2
B.
C.
D.

AND INDOLE DERIVATIVES.
STRUCTURE-ACTIVITY RELATIONSHIP
11
DIHYDROISONDOLE SYNTHESIS via RING
CLOSURE REACTIONS.
SYNTHESIS OF ISOINDOLES AND THEIR DERIVATIVES
34
via RING CLOSURE REACTIONS.

DISCUSSION
A.

AIM AND PROPOSED SYNTHESIS.

44

B.

DIRECT NITROSATION OF NAPHTHOLS.

51

C.

BECKMANN FRAGMENTATION OF 1-NITR0S0-2NAPHTHOL DERIVATIVES.

54

D.

FORMATION OF THE ACID AMIDE IN THE SIDE
CHAIN.

61

E.

PREPARATION OF THE AMINES.

83

F.

DISCUSSION OF N.M.R. SPECTRA.

104

EXPERIMENTAL 109
REFERENCES

154

ACKNOWLEDGEMENTS

178

I N T R O D U C T I O N

- 2 -

A.

PHYSIOLOGICAL ACTIVITY OF DIHYDROISOINDOLE

AND INDOLE DERIVATIVES

Several compounds containing the "basic" isoindole
nucleus have been found to be physiologically active. In
the field of non-steroidal anti-inf1ammatory agents
Nannini et. al. [1] investigated the effects of 4-(l-oxo-2
isoindolinyl)-phenylacetic acid derivatives (1) and found
that several were highly active both as analgesics and
anti-inflammatory agents in live animal tests.

R:
COOH

(1)
R 1 - H; 0CH3; CH3; Cl.
R2- H; CH3; Cl; 0CH3.
R3 = H; CH3.
R4 = H; alkyl; OH; 0CH3; CH20l
The products suspended in 0.5% methocal were
"loo

administered orally to rats.

Compounds with R

= R

= R

= H; R4 = H,alkyl up to C.Hg showed marked activity in rats
4
in both of the above test systems. However if R was
-CHpOH, OH, -0CH3, the resulting compound showed no
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analgesic activity.

By studying the relationship between

the partition coefficient values, pK, of the compounds and
the size of the substituent groups, Nannini [1] pointed out
that the decrease in pharmacological activity with
4
increasing chain length of R > CH 3 substituents was due to
their increasing lipophilic character, which favours their
metabolism and prevents their coming into contact with the
active site for sufficient length of time to act.
Another biologically active compound, 2-(3,4-dimethoxyphenyl ethyl)-5-6-dimethoxydihydroiso indole (2) , synthesized
by Casagrande et. al. [ 2 ] , exhibited a fair degree of ocadrenergic activity.

N

CH,

CH

CH,0

»-A\ /

OCH.
OCH.

(1)
This activity was evaluated iji vitro by measuring its
antagonist effect on the contraction induced by adrenalin
in guinea pig seminal vesicles.
Within a known series of dihydroisoindole analogues
(table 1 . ) , Casagrande et. al. [2] found that the presence
of a carbonyl group in the heterocyclic ring system e.g.
(3), and the lack of an aromatic system attached to the
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nitrogen atom, e.g. (4), (5J , (6) and (7j , eroded the
activity.
TABLE 1.
Dihydroisoindole Derivatives

N—R2

R1

R3

R2

Activity*

3

CH 3 O

0

; -CH 2 -CH 2 Ph(m-0CH 3 )(£-0CH 3 )

7.5

4

CH 3 O

H2

-CH«-CH«-CH0-CH«

10.0

5

CH 3 O

H2

-CH 2 -CH 2 -N-(C 2 H 5 ) 2

50.0

6

cH3o

H2

-CH2-CH2-l/~^0

50.0

7

CH 3 O

0

-CH 2 -CH 2 -N(C 2 H 5 ) 2

20.0

8

CH 3 O

H2

-CH2-Ph(m-0CH5)(£-0CH3)

1.0

9

CH 3 O

H2

-CH2-CH2-Ph

5.0

10

CH 3 O

H2

-CH(CH3)CH2-Ph

1.5

11

CH 3 0

H2

-CH2-CH2-Ph-(p_-0CH3)

2.5

12

CH 3 0

H2

-CH 2 -CH 2 -Ph(m-0CH 3 )(£-0CH 3 )

0.5

13

CH3O

H2

-(CH 3 ) 3 -Ph

0.5

14

CH 3 0

H2

-CH 2 -CH 2 -0-Ph-(o-OCH 3 )

Compound

*a-adrenergic blocking activity, E C ™

0.025

(ug/mL).

Furthermore, modification in the aromatic ring which is
linked to the nitrogen atom by one or more methylene groups
e.g. (8), (9), (10) and (JJJ, decreased the activity of the
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compounds in comparison with (1_2), except for compounds
(13) and (1_4).

In fact the latter two, with three atoms

separating the phenyl ring from the nitrogen of the
dihydroisoindole, showed remarkable increase in activity.
Interest in the indole alkaloids, which are abundant
in nature and are isomers of the isoindoles, evolved from
the discovery of their physiological properties.

Some of

these will be outlined under the following headings:
(1) physiological significance of trytophan,
serotonin and melatonin
(2)

hallucinoginic indole derivatives

(3) other medicinally significant indole
derivatives.
(1) Tryptophan is an essential amino acid. Serotonin,
(5-hydroxytryptamine) is formed from tryptophan by
oxidation in the aromatic ring and decarboxylation.
It is widely distributed in animal tissues and found
also in the plant kingdom [3].

Serotonin is a vaso-

constrictor that regulates gastric secretion,
intestinal peristalsis and the production of blood
platelets.

It also plays a role in regulating the

function of the central nervous system [ 4 ] .

The fact

that it is present in high concentration in brain
tissue suggests that serotonin plays an important
role in modulating neural activity.
Melatonin is synthesized from N-acetylserotonin in
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the pineal gland [5].

This hormone is known to

control diurnal variations in biological functions.
The rate of its synthesis is controlled by variations
in light intensities.
Other indole derivatives such as substituted tryptamine, bufotenine etc. are hallucinogenic.

They have

been isolated and identified in natural extracts of
Acacia spp. (Leguminosae) [6] and in the secretions
of toads (Bufo vulgaris) [7].

Psilocine and its

phosphate ester, psilocybine, are the
psychotropically active principles of, among others,
the Mexican hallucinogenic fungi e.g. Psilocybe
mexicana Heim [8].

An oral dose of approximately

5mg/adult of these elicit mental changes and had been
used by the Aztecs to induce hallucinations as an
integral part of their religious ceremonies.

The

psychotomimetic activity of lysergic acid diethyl amid
(LSD 25) is widely recognised [9].
A large number of indole derivatives had found their
way into clinical use.

Reserpine, (J_5) the alkaloid

isolated from Rauwolfia serpentina (L) Benth.
(Apocynaceae) was reported by Chopra et. al. [10] to
possess hypotensive properties.

Some reserpine

derivatives are responsible for the development of
drugs acting on the central nervous system.

They als

play an equally important role as sedatives and
hypnotics.

These effects are different from those of

other well known drugs with central nervous system

- 7 -

OCH
OOC

OCH.

(15)
depressant action like the barbiturates in that they
pharmacodynamically lower the blood pressure by
depleting the store of neurotransmitting substances,
e.g. noradrenaline, at the sympathetic nerve endings
[11].

Reserpine is also associated with the release

from the brain of serotonin which is then excreted
as 5-hydroxyindoleacetic acid.

High level of sero-

tonin in brain tissue is associated with mental
illness [12].
Dimeric indole alkaloids such as vincristine and vinblastine extracted from Vinca rosea Linn. [13], are
antineoplastic agents and are used in the treatment of
choriocarcinoma and certain forms of leukaemia and
Hodgkins disease [14].
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However not all lysergic acid derivatives (e.g.
lysergic acid amide) are hallucinogenic.

They hold a

vital position as pharmaceuticals, in neurology and
The lysergic acid component of ergotamine

psychiatry.
(16),

found in ergot, is used as a vasoconstrictor in

the relief of migraine.

H
0
0

CH:

iP
4^
4---N—-C
N
0

T

0

/-HN

\ \/NCH3

(16)
The amides of lysergic acid, e.g. the N-[2-(1-hydroxy)
propyl]amide, are oxytocic agents [15].
The hydrogen maleate salt of N-(D-6-methyl-8-isoergolenyl)-N',N'-diethyl carbamide (JT7) is of therapeutic
importance.

It is a specific serotonin antagonist and

can be employed for the treatment of conditions and
diseases caused or aggravated by serotonin [16].
Itil and Hermann [17] also found (J_7) to possess
therapeutic value in patients with ageing or organic
brain syndromes and in children with behavioural
disturbances.

At low dosage it resembles central
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(11)
(17.)

R

= -NH-C0-N(C 2 H 5 ) 2

(18)

R

= -CO-N(C 2 H 5 ) 2

depressants, while in higher dosage it functions as a
psychostimulant.

Even the highly hallucinogenic

lysergic acid derivative, L.S.D. 25, (N ,N-diethyllysergamide), elevates the level of brain serotonin [18].
In contrast with the above Messier [19] found that,
if (_8) is administered to chick embryo at the rate
of 2.5ug/mL., the segmentation of the mesoderm into
somites is retarded and caused collapse of the roof
neural tube.

However at 0.1 to 0.5ug/kg. dosage it

increased not only the sensitivity of rats to stimuli
but also their response to black and white card
stimuli [20].
In another report of (J__), Tuttobello et. al. [21]
showed that agroclavin (__), suppressed the fertility
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of the female, but not that of the male rats and that
lactation was also inhibited.

If the alkaloid (19)

was fed to Japanese quail, the weight of the egg
increased during the period of administration and fell
below normal thereafter [22].
Methyl lysergic acid butanol amide (UML 491) had been
found to prevent not only migraine, but also epilepsy.
It probably acts as a 5-hydroxytryptamine antagonist,
rather than as a sedative on the cerebral cortex [22].
Continued interest in substituted analogues of tryptamine e.g. 3-(2-aminobutyl)indole, (etryptamine), have
shown them to be effective anti-depressants [23]
while 1-benzyl-5-methoxy-2-methyltryptamine proved to
be a serotonin antagonists [24].

Indomethacin was

proved to be useful in the treatment of rheumatoid
arthritis and related conditions.
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B.

STRUCTURE-ACTIVITY

RELATIONSHIP

It has already been shown [25] that the physical
properties and the chemical reactivity of molecules play
significant roles in producing In vi vo and In vitro
activities.

Two of the physical properties that affect

biological activity are:
(a) the electron distribution and
(b)

the shape of the molecule.

The electron distribution (e.g. ionization and dipole
moment) of a molecule will manifest itself either as a
dipole moment or as a partial or full ionic charge.

The

electrostatic forces generated by the electron distribution
can promote, hinder or even completely prohibit any
interaction between the molecule and the receptor-site in
the eel 1 .
The dipole moment of a molecule is affected by its
electron distribution.

Many molecules, though not ionized,

carry a fraction of positive or negative charges on their
atoms which can attract other atoms of opposite charges,
thus forming so called ion-dipole bonds.

These bonds can

facilitate or restrict the adsorption of a drug by the
receptors.
The shape of the molecule, i.e. its orientation in
space (steric property), governs its access to the receptor
site.

For example, Albert [26, 27] found that only the 3-

or 9-amino-substituted acridines possess antibacterial
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activity.

Acridine derivatives substituted at other

positions are unable to ionize at pH 7, and possess little
activity (Table 2 . ) .

Resonance structures are possible for

substitution in position 3 and 9 only.

To exhibit antibacterial activity it is necessary for
the aminoacridine molecule to be flat with a surface area
o
of 39 A. Lemar [28] confirmed that an active molecule must
be flat and must fit-in between the base-pair of DNA in
order to interact with it.

Thus the activity of a drug,

one that is able to pass through several barriers of cellmembrane, is governed - at least partially - by the
physical properties of the molecule.
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TABLE 2.
Dependence of Bacteriostatic Activity on
Ionization in the Acridine Series

Acridine

Concentration*

% Ionized#

unsubstituted

5

1

4 -am i no

5

1

1-am i no

10

2

5

1

2,7-amino

20

4

3-ami no

80

72

9 - am i no

160

99

3,9 - d i a m i n o

160

100

3,7-diamino

160

76

3 , 6 - d i a m i no

160

99

4 , 5 - d i a m i no

*Minimum bacteriostatic concentration for Streptomyces
pyogenes incubated at 37°C at pH 7.3.

(xlO ) .

#Percentage ionized as cation at pH 7.3 at 37°C.
Another determining factor for biological activity is
the active molecule's capacity to participate in chemical
reactions.

The chemical properties of the molecules, which

influence biological activity, determine the ability of the
molecule to combine with cell constituents either by
irreversible covalent bonding, or simple electrostatic
attraction or even by weaker forces, e.g. Van der Walls
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forces, hydrogen bonding, or adsorption
As biological activity demands optimum conditions as
far as chemical and physical properties are concerned, even
slight changes in the properties of an active molecule
(e.g. insertion of a substituent or by making the molecule
more or less soluble or by varying the molecule's ability
to permeate cell membranes) can diminish or even fully
destroy this activity.

For instance, insertion of certain

groups, especially methyl groups, can have a major effect
on physical properties, such as solubility and diffusibility of an organic compound (drug), and may alter
biological activity.

Examples of these can be seen in

sulphonamidopyrimidine drugs where the addition of methyl
groups increases solubility [29].

(See Table 3.)
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TABLE 3.
Increased Solubility in Water Caused by Insertion
of Methyl-Groups into the Pyrimidine Ring.

R1

R2 ,

H

H

sulphadiazine

6.5

3.9

0.5

CH 3

H

sulphamerazine

7.1

1.4

1.3

CH 3

CH 3

sulphadimidine

7.4

0.7

2.4

Drug

PKa

%

Ionized*

Solubility*

*%ionized at pH 5.2
#Solubility at pH 5.7 at 50°C (g/mole/1it.) (xlO 3 ).
That addition of substituents to the basic structure
of a molecule influences its solubility, can be seen in the
example of long chain aliphatic alcohols [30] shown in
Table 4.

Short chain alcohols e.g. methanol and ethanol

dissolve in water easily because they are capable of
hydrogen bonding with the water molecules.

If however the

paraffinic end of long chain alcohols becomes the dominant
structural feature, the water molecules cannot force them
apart and are unable to dissolve them.

This effect is of

course minimized if the hydroxyl group is shifted to the
centre of the molecule as e.g. in 2-methyl-2-butanol.
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TABLE 4.
Solubility of Primary, Secondary and
Tertiary Alcohols in Water

Alcohol

Solubilities*

CH 3 -CH 2 -CH 2 -CH 2 -CH 2 -OH

2.4

CH 3 -CH 2 -CH(0H)-CH 3

4.9

CH 3 -C(CH 3 )(0H)-CH 2 -CH 3

12.2

CH 3 -CH 2 -CH 2 -CH 2 -0H

8.2

*Solubility in g/lOOg of water at 20°C.
Another way in which the presence of a methyl
substituent may affect biological activity is by preventing
or lowering the extent of covalent hydration.

Neutral

quinazoline and its cation in the hydrated form, provides
a good example of such activity [31].

HO

H
NH

CO
N
H

Quinazoline

Hydrated Quinazoline

According to Albert [32, 33] there are many nitrogenous
heterocyclic compounds which add water covalently across
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a double bond.

Hydration of pteridine is suppressed if one

of its position is methylated [ 3 4 ] .

On the other hand, the

presence of a hydroxyl group in the molecule enhances
covalent hydration i.e. reduces the lipid/water partition
coefficient and hence membrane permeability.
Methylation of a molecule exerts also an electronic
influence on ionization.

This in turn affects the basicity,

and the acidity of a carbon or nitrogen attached directly
to the methyl groups.

For example, N-alkylation of tri-

phenylmethane dyestuffs shows remarkable increase in basic
strength.

O
(CH3)2N

N(CH3);

Alkyl groups may also influence the solubility of Nheterocyclics.

Replacement of the hydrogen atom of -OH or

-NH groups by methyl groups can considerably increase
solubility in water as mentioned in the pteridine series,
e.g. lg. of 4-aminopteridine dissolves in 1400mL.

While
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lg. of 4-dimethylaminopteridine requires 2mL.[35].
Similarly lg. of 7-hydroxypteridine is soluble in 900mL.
whereas, lg. of either of its 0- or
are soluble in 50mL.

N-methyl derivatives

Other examples have been reported

for 6-aminopurine and 6-dimethylaminopurine [36].

The reduction in water solubility is due to the more
competitive intermolecular hydrogen bonding ability of the
-OH and -NH substituents to the highly polar nitrogen
heterocycle, i.e. the attraction between the alkylated
molecules is greater than the attraction between them and
water molecules.
non-heterocycles).

(Such an effect is rarely observed among
Methylation of either the OH or NH

groups prevents self-polymerization of the molecule by
hydrogen bonding.
Although considerable effort has been put into
attempts to elucidate the relationship between chemical
structure and physiological activity, our knowledge of the
laws governing it is sketchy, not well understood and is
still in its exploratory stage.

In this work we attempted
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to s y n t h e s i z e

tryptamine analogues

in which the nitrogen

atom of the i n d o l e ring is shifted by one atom, i.e. to
the i s o i n d o l e p o s i t i o n .

The r e s u l t i n g c h a n g e in polarity

and the c h a n g e in p l a n a r i t y of the m o l e c u l e will
e n a b l e us to e v a l u a t e the s i g n i f i c a n c e of this
change

in the control

of p h y s i o l o g i c a l

hopefully,

structural

activity.
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C.

DIHYDROISOINDOLE SYNTHESIS via RING
CLOSURE REACTIONS

Several different approaches have been reported in the
literature for the synthesis of the isoindole and the dihydroisoindole molecules (the lesser known fused ring system
between benzene and pyrrole or pyrroline).

Nearly all of

these syntheses proceed via ring closure reactions in which
the pyrroline ring is formed from an appropriate side-chain
of an ortho-disubstituted benzene derivative.
The first synthesis of dihydroisoindole was reported by
Fenton and Ingold [37] who reacted 2-bromomethylbenzyl bromide with p_-tol uenesul phonamide in potassium hydroxide to
give only one product, dihydroisoindole, presumably formed by
the hydrolysis of the intermediate sulphonamide.
In a similar reaction Kreher and Seubert [38] used
benzylhydroxylamine instead of toluenesulphonamide to yield
2-benzyloxydihydroisoindole.

However, under the conditions

used for hydrolysis the product lost a molecule of benzyl
alcohol to yield an isoindole derivative, instead of the
dihydroisoindole.

Bornstein [39] and co-workers improved

Fenton and Ingold's synthesis to make the reaction suitable
for large scale preparation.

Dihydroisoindole was obtained

in 78% yield and high purity when the condensation of the
same dibromide with ]_-toluenesulphonamide was carried out at
elevated temperature in a mixture of phenol and hydrobromic
acid using propionic acid as the solvent.

- 21 -

ChLBr

a
CH

CH2Br

3~A

/>—S0 2 NH 2

\!

|

N

KOH

NH

.S02

(/ \
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It has since been shown that a reaction of this type
works satisfactorily with primary amines [40].

Aniline and

its meta and para substituted derivatives cyclize satisfactorily while ortho substituted anilines yield only uncyclized
secondary amines.

This is due to steric hindrance towards

N-dialkylation of the nitrogen of the ortho substituted
aniline [41].

CH?NH

CH2Br
CH2Br

+ 2
CHoNH
(20)

Secondary aliphatic amines form quarternary ammonium compounds [41, 4 2 ] , while secondary aromatic amines yield tertiary amines analogous to the secondary amines shown in (20)

•CH2Br
(CH3)2NH
TH 2 Br

ref1ux
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Braun and Nelkon [43] suggested that the mechanism of
dihydroisoindole formation from dibromide and ammonia proceeds through an intermediate ammonium compound (21) which,
on reaction with excess ammonia, is converted in a two step
process to the large ring intermediate

(22).

In contrast, Gabriel and Pinkus [44] showed that 2aminomethylbenzylamine dihydrochloride yields exclusively,
and directly, dihydroisoindole without a trace of any of the
above intermediate products.
Another major synthetic sequence for the preparation of
the dihydroisoindole ring system proceeds from stable
phthalimidines.

These can be prepared either by condensation

of phthalides with ammonia [45], primary aliphatic or
aromatic amines [46],

e-\ec

or alternatively by reduction of phthalimides either electrolytically [47, 4 8 ] , or by zinc and hydrochloric acid.
Phthalazones, on reduction with zinc and hydrochloric acid,
also yield phthalimidines which can be regarded as intermediate reduction products on route to dihydroisoindoles [49].

- 23 -

CH 2 Br
o-(CH2Br)Ph

CH2Br

NH
heat

(21)

H20
heat

(22)
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0
r^V^NH

Zn/HCl

Uyk

heat

>

NH

>

COOH

COOH

^

Certain o^-carboxyaryl ketones, e.g. p^-carboxybenzophenone react with ammonium cyanide to give'phthalimidines by
cyclodehydration [50].

The reaction pathway is depicted

below:

COOH
(NH 4 ) 2 C0 3
KCN

:>

^

Phthalimides, apart from the action of ammonia on phthalic anhydride, can also be prepared by simply heating p_-cyanobenzoic acid.

The following side-reactions occur:

(a) the hydrolysis of the o_-cyanobenzamide [51] and
(b)

the dehydration of the oxime of phthaladehyde [52]

- 25

heat

Weiss and Freund [53] used phthalonitri1es as starting
materials to react with suitable Grignard reagents, e.g.
benzyl magnesium bromide or methyl magnesium iodide [54], to
give 1,1-disubstituted-3-iminodihydroisoindoles.

CH2MgCl

C —NH2
(CH 2 Ph) 2
,(CH2Ph)2

Unsubstituted, or alkyl, and especially aryl substituted
c^-cyanobenzylamines [55] can also be hydrolysed with simultaneous ring closure to dihydroisoindoles.

The reaction pro-

ceeds through the intermediate (23) in a manner similar to
the one in the reaction of 2-aminomethylbenzyl amine described
earlier.
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NaOH
•

>

*

Another approach to the synthesis of dihydroisoindole
derivatives was described by Rodinov and Chukhina [56] who
obtained 45.7% of di hydroisoindjoL—1-one-3-ethanoi c acid via
an indole type condensation, i.e. by heating phthalic acid
with malonic acid in 7.3% alcoholic/ammonia for 4-5 hours.

,C00H
CH2

COOH

NH.

\

COOH

COOH

NH.

COOH

-H20

->

CH7C00H
Rowe et. al. [57], and also Gabriel [58], described a
more versatile method for the synthesis of 1-alkylsubstituted
dihydroisoindoles, in which the jD-cyanocinnamic acid was first
hydrated

in aqueous alkali to the corresponding amide which,

in the presence of an acid, undergoes cycloaddition to form
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dihydroisoindol— 1-one-3-ethanoic acid.

COOH

NH2
COOH

NaOH

H

CH2C00H

Ring closure of jo-cyanoalloci nnamic acids substituted
on the aromatic ring is expected to proceed in the same way
as described by Rowe [57] and Gabriel [58] for the synthesis
of dihydroisoindol —1-one-3-ethanoic acid.

Thus 4- and 5-

hydroxy rj-cyanoal 1 ocinnamic acids in the presence of sodium
hydroxide are cyclized to the 5- and 6-hydroxy dihydroisoind o l — • 1-one-3-ethanoic acid respectively.

However, under

similar reaction conditions, contrary to the behaviour of 4and 5-hydroxy p^-cyanoall ocinnamic acids, 3-hydroxy p_-cyanoallocinnamic acid failed to achieve ring closure.

The

product obtained from the 3-hydroxy p_-cyanoal loci nnamic acid
was the isomerized (i.e. trans) cinnamic acid derivative in
which the cyano group was hydrolysed, as expected, to the
amide (A).
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In order to establish whether the formation of an extraordinarily strong hydrogen bond (in the o_-hydroxybenzamide
grouping) could possibly be responsible for the failure of
ring closure, the 3-hydroxy-p_-cyanoall ocinnamic acid was
methylated with diazomethane.

However this compound

also

failed to undergo cyclization under the usual conditions and
achieved only isomerization of the allocinnamic acid to the
trans-isomer.

Ring closure of (A) to 7-hydroxydihydrisoin-

dolin-1-one-3-ethanamide can however be achieved by fusing
it with urea.

At present, we cannot explain the reason for

the failure of the ring closure reaction in case of

3-hydroxy

substitution.
The Hofmann hypohalite degradation of acetamide followed
by ring closure has also been adapted to the preparation of
dihydroisoindole.

Jonson and Moses [59] obtained a mixture

of 3-cyclopentanedihydroisoindolin-1-one (24a) and 3-cyclopentanyldihydroindolin-1-one (26a) on hydrolysis of 4,4-tetramethylenehomophthalimide (25a) in 2N sodium hydroxide for
3 days followed by acidification and addition of cold hypochlorite solution.

3,3-Diethyldihydroisoindolin-1-one

(24b)

was the only product obtained when 4,4-diethylhomophthalimide
(25b) was dissolved

in aqueous alkaline solution and treated

immediately with hypochlorite

solution.

It was suggested earlier [60, 61] that the Hofmann
degradation of imides is preceded by hydrolytic opening of
the imide ring to produce an amic acid intermediate which
rearranges to the isoindolinone (route A ) .

The formation

of

both dihydroisoindole and indole derivatives can be explained
by one of the two competing routes of h y d r o l y s i s , A and B.
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Rl
R1

R3
ONH-

COO-

route A

V

(24)
route B

R2

(24a), (25a) (26a)
(24b) (26b)

1

R =

H;
1
R = H;

2
3
6
R^ - R
R2 - R 3

J*

_§)
-(CH 2 ) 4 -(C 2 H 5 )-
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It has been shown by Jaques and Wallace [62] that the
reaction of N-2-chlorobenzyl-N-methylaminoacetonitrile with
potassium amide in liquid ammonia gives 2-methylisoindole in
89% yield.

The scope of this reaction had been further inves-

tigated by Ahmed et. al. [63] who generated the reactive aryne
intermediate (^7) from N-substituted-2-chlorobenzylamine (28)
at -33°C.

The reactive intermediate was then cyclized to the

mono- and di-substituted-dihydroisoindole derivatives in the
presence of potassium amide and liquid ammonia.

Results of

the cyclization products are summarized in Table 5.

CH.

CH 3

.R

CH 2 -NC

CH_-NC. i1
r^R
H

|\ R 1 NH3

H

pot. amide
(27)

(28)

N-CH3

+

(28)

(29)

(30)

(a)

R = H;R 1= C00Et

R 2 =H; R3=C00Et

R 4 =H; R5=C00Et

(b)

R=R]=C00Et

R 2 = H; R 3 =C0NH 2

R 4 =H; R 5 =C0NH 2

(c)

R=H; R^COPh

R 2 =R 3 =C0NH 2

R 4 =H; R5=C0Ph

(d)

R=H; R 1 =4-C 5 H 4 N

R 2 =H; R 3 =4-C 5 H 4 N

R 4 =R 5 =C0Ph

(e)

R=Ph; R]=CN

R 2 =Ph; R 3 =C(=NH)NH 2
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TABLE 5.
Reaction of Potassium Amide in Liquid Ammonia with
N-substituted-2-chlorobenz.ylamine Derivatives

CYCLISED PRODUCT
Substrate

No

Di hydroi soindole (29)

Isoindole
(30)

R2

R4

R3

Yield(%)

R5

28a

j 29a

H

COOEt

9.6

28a

29b

H

C0NH2

0.9

28a

30a

H

COOEt

6.7

28a

30b

H

C0NH2

11 .0

28b

29b

H

C0NH2

11.0

28b

29c

C0NH2

C0NH2

22.0

28b

30b

28c

30c

28c

30d

28d

29d

H

28e

29e

Ph

-

-

H

C0NH2

9.0

H

COPh

27.0

COPh

8.0

COPh

^Q

N

C^NH

\NH2

-

-

75

-

-

92
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Just as Fenton and Ingold synthesized dihydroisoindole
from ortho-disubstituted benzenes, Ludt and Hauser [64] synthesized N-substituted dihydroisoindoles from ortho-substituted carbinolamines.

For example o- (N-methylaminomethyl)

triphenylcarbinol (31) underwent acid catalized cyclodehydration in 20% HpS0 4 or in 48% hydrobromic acid to 1 ,2-diphenyl 2-methy1dihydroisoindole (32).

CH 7 N
•H

CR 1 C 6 H S

20%
H

2S04

OH
(31)

(32)

(a)

R=CH 3 ; R -CgHg

(a)

R=CH 3 ; R =C 6 H 5

(b)

R=CH 3 ; R]=H

(b)

R=CH 3 ; R]=H

Ludt and Hauser obtained compounds (31a) and (31b) by
condensing N-methyl-benzyl amine_with benzophenone or benzaldehyde in the presence of r^-butyl 1 i thi um-N-N-N-N-tetramethyl
enediamine (TMEDA).
The reaction is believed to pass through the dilithioamine intermediate (34a) or (34b).
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CH2N—Li
^

TMEDA

R

^

(34)

(33)
(a)

R=CH3

(a)

R=CH3; R]=Li

(b)

R=C6H5

(b)

R=C6H5; R]=Li
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D.

S Y N T H E S I S OF ISOINDOLES AND THEIR
via RING CLOSURE

DERIVATIVES

REACTIONS

Although substituted, including N-substituted, isoindoles
are well

known [ 6 5 ] , the parent compound, isoindole itself is

unstable, owing to its ready auto-oxidation.
contrast, has been known since 1866.
prepare isoindole was described
obtained only d i h y d r o i s o i n d o l e .
attempted

Indole, in sharp

The earliest attempt to

by Fenton and Ingold [37] who
Bornstein and co-workers

[66]

the acid catalysed ring closure of the amino-acetal

(35),

CH 2 NH 2

CH—(0C 2 H 5 ) 2
(35)

but the reaction gave only a red polymerised resin.
products were also obtained by Verber and Lwowski
only partial

Polymeric

[67].

The

success was recorded in a communication by Kreher

and Seubert [ 6 8 ] who trapped

isoindole as its Diels-Alder

adduct both with maleic anhydride and with N-phenylmaleimide.
It was Bonnet et. al. [69] who first isolated isoindole
as a w h i t e solid at - 1 9 6 ° C .

The starting material used was 2-

m e t h o x y c a r b o n y l o x y i s o i n d o l i n e , p r e p a r e d by heating

2-hydroxyiso-

indoline (16) [ 7 0 ] with methyl p_-nitrophenyl carbonate

[71].

The d i h y d r o i s o i n d o l e produced was pyrolysed, by volatization
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from a pyrex tube at 50 to 70 C and 0.01mm. Hg., through an
unpacked silica tube heated to 500°C.

Isoindole was collected

in a depression of the tube on a cold-finger at the end of the
heated zone.

CH2CH2Ph
N—OH

>

(36)

H 0*) 0CH 3
->

N-^0

—

->

The vapour phase pyrolysis experiment of Bonnet and Brown [69]
showed that the isoindole molecule can tolerate short exposures to elevated temperatures.

Epoxynaphthalene on thermal

fragmentation at reduced pressure is known to rearrange to
isobenzofuran [72].

It was therefore reasonable to assume

that isoindole may be synthesized by vacuum thermolysis of
epiminonaphthalene , a nitrogen analogue of epoxynaphthalene,
via a retro-Diels-Alder type reaction [73].

This was borne

out by the fact that sublimation of 1 ,2,3,4-tetrahydro-l,4epimi nonaphthal ene (3_7) a"t reduced pressure afforded, with
simultaneous loss of ethylene gas, isoindole in quantitative
yield [74].
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600°C

NH

-(-

vac

C2H4

A simple high yielding alternate route to the isoindole
nucleus is a mild fragmentation, at -25 C, of 7-aza-2,3-benzo
bicyclo[2.2.1]-hept-7-ene (38) with 3,6-di(21pyridyl)-S-tetrazine using chloroform as the solvent [75].

Py

+
(38)

N

N

II

II

N

N

Py

QX

NH

N

+

D
r

Apart from the reaction methods described above, which

Py

give both dihydroisoindole and isoindole derivatives, there
are other methods which yield only isoindole derivatives, and
the methods generally employed are as follows:
(1)

synthesis of ortho-di substituted benzenes

- 37 -

(2)

condensation of 1 ,4-diketones with amines

(3) rearrangement reactions
(4) 2-substituted dihydroisoindoles.
The ortho-disubstituted benzene, (o-cyanobenzophenone) gave,
on reduction with Raney-Nickel, 1-phenylisoindol e [76].
The yield of isoindole in this reaction is critically dependent on the activity of the catalyst.

H,
Ra-Ni

Verber and Lwowski [67, 77] obtained 1-arylisoindole in
80% yield, from o_-ami nomethyl benzophenone by intramolecular
condensation which leads to the arylisoindole via the isoindolenine.

C6H5
f ^ V " ^ ° Subli mation

Isoindoles formed in this way were the first ones obtained
without substitution on the nitrogen atom, and were appreciably less stable than their

substituted derivatives.
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Attempts to prepare the parent isoindole by this route were
however unsuccessful [77].

Disubstituted arylisoindoles had

been prepared by a modified Leuckart [78] reaction from orthodisubstituted benzenes.

1 ,3-Diphenylisoindole was obtained

in 44% yield by treating o_-dibenzoyl benzene with ammonium formate [79, 80]. A lower yield was obtained if methylammonium
formate was used as the solvent.

The reaction represents the

reductive alkylation of ammonia, accompanied by simultaneous
cyclization.

HCOONH

C,H
6n5

Another feasible cyclization was the acid catalysed condensation of 1,4-diketones with aliphatic and alicyclic amines
or with pyrroles.

Fletcher [81] and Norton [82] obtained 1,3-

diphenyl-4,7-dimethylisoindole by refluxing 2 ,5-hexanedione
and 2 , 5-diphenyl pyrrole in toluene using jp_-tol uenesul phonic
acid as the catalyst.

ref1ux
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2,5-Disubstituted pyrroles gave a tautomeric mixture of isoindole and isoindolenine [81] whereas 1,2,5-trisubstituted
pyrroles yielded the corresponding 2-substituted isoindoles.
In certain cases 2-substituted isoindole could be obtained
also by condensing a 1,4-diketone with a primary amine at elevated temperature in the presence of an acid catalyst [82].
A useful and general alternative to the Lwowski synthesis
[79, 80] of 1 ,3-diphenylisoindole involves the condensation of
1,2-dibenzoyl-!,4-cyclohexadiene with ammonia or with a primary amine [ 8 3 ] .

This reaction is related to the synthesis of

pyrroles by condensation of 1 ,4-diketones with an amine [65].

NH 3 +-heat
(reducti on)

Rearrangement reactions leading to stable isoindole end
products were also reported.

Such processes provided effi-

cient preparative routes to specific derivatives [84].

Most

rearrangement reactions had been found to occur either by
ring expansion or ring contraction involving complex mechanisms e.g. the reaction of trans-1 ,2-dibromobenzocyclobutene
with aniline in dimethylsulphoxide at 100°C led to 2-phenylisoindole [ 8 5 ] .

This reaction was shown to proceed through

the intermediate (39j, a tautomer of the final product.
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Br

r^N
k:

:

—

^ ^ V

f^x

C 6 H 5 NH 2

"N—C6H«

DMSO

^

Br

(39)

N—C6H.

Cava and Schlessinger [86] reported the preparation of
1,2,3-triphenylisoindole in 78% yield by rearrangement reaction between 1 ,3-di phenyl isobenzof uran (_40) with thionylaniline in the presence of boron trifluoride.

The transformation

of the ring system proceeds through an unusual rearrangement
adduct (41) which collapses by the loss of sulphur dioxide to
form the isoindole derivative (42) [87, 88]. Several other
synthetic routes leading to 1,2,3-triphenylisoindoles had been
described [89], and in one case, 1,3,3-triphenylisoindolenine
rearranged at 300°C to isoindole prepared from benzophenoneimine and diphenyldichloromethane [90].
Fryer et. al. [81, 84] found that benzodiazepinones
rearranged to isoindoles in high yield under a variety of
conditions e.g. benzodiazepinone reacts with dimethylformamide
in the presence of sodium hydride, to give the isoindole in
80%

yield [91].

Fryer also postulated a mechanism for this

conversion which involves the abstraction of a proton from the
methylene group at position 3.

The carbanion (_4_3) formed then
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C<H
6^5
BF 3 (C 2 H 5 ) 2 0

0

-|-

C 6 H 5 NSO
C

6H6

(40)

C,H
6H5
C.H
6^5

N
0' I

QH
6n5
/C6H.

0
C6H5

CAH
6H5

(41)

C6H5
CAH
6^5

C6H5
(42)
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undergoes intramolecular nucleophilic displacement reaction
to produce isoindole carboximide (4_4).

Similarly, 1,3-dihydro

-5-phenyl-2_[-l,4-benzodiazepin-2-one rearranged with ring
contraction through a carbanion intermediate in the presence
of acetic anhydride and pyridine, to yield 1-phenylisoindole
which, under the reaction conditions, is acetylated to 1-acetyl-3-phenylisoindole [ 8 4 ] .

CH3
I

0
NaH

^r

N

DMF

Ph

C0NHCH 3
N
Ph
(44)
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D I S C U S S I O N

- 44 -

A.

AIM AND PROPOSED

SYNTHESIS

The discovery that some isoindole derivatives possess
pharmacological and physiological activity has stimulated a
considerable amount of work on the synthesis of isotryptamine
and related compounds. The naturally occurring tryptamines
are neuroactivators. 5-Hydroxytryptamine is essential for
normal brain function. These findings and the fact that diazepines seem to rearrange readily to isotryptamine derivatives
suggest that the latter compounds may also possess potential
biological activity. Therefore, the purpose of this project
is to devise a facile synthetic method applicable to their
large scale preparation. This approach would then allow
exploration and comparison of their physiological and pharmacological activities. They would also help to define and
correlate the requirements necessary for the establishment of
a relationship between chemical structure and physiological
a c t i v i ty.
A successful approach to such a synthetic route will
allow introduction of not only varying substituent groups
into the isotryptamine skeleton but also the making of some .
small changes in the moiety itself. The basic unit may even
act as a precursor to more significant structural developments
The easy accessibility and low cost of the starting materials
r

selected for the project makes this another attractive

feature

of the route proposed.
Most of the published methods for the preparation of
isoindoles and for the construction of isotryptamine and its
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analogues have limited scope.

The synthetic method proposed

in this work is to obtain 1-substituted isoindoles and dihydroisoindol es , such as dihydroisoindole-1-ethanoic acid,
which can be converted first to the amide then to the corresponding amine and its N-alkyl derivatives.

Most of the pre-

liminary work was carried out using 2-naphthol and its hydroxy
derivatives.

Figure 1. illustrates the five step reaction

sequence and indicates:
(a)

the positions of the substituents on the
aromatic ring and

(b)

the nature of the side chain nitrogen (i.e.
whether it is a primary, secondary or
terti ary amine).

The first step is the nitrosation of 2-naphthol

(45a) in

position - 1 , followed by a Beckmann type fragmentation reaction of its oxime tautomer with tosyl chloride.

This is then

followed by bond cleavage in concentrated sodium hydroxide
solution to yield the sodium salt of an ortho-cyanoallocinnamic
acid (47a).

- Hydrolysis of these acids, followed by cycliza-

tion in acid solution, yields, dihydroisoindol— l-one-3ethanoic acid (48a).

At elevated temperature, urea fuses

with the isoindolinone ethanoic acids to give the corresponding amides in good yield (49a, 50a, 51a).
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FIGURE 1

R1

(45)

NO

(46)

(i)reflux with
2N NaOH

_/COOH
/ Nu (ii) H
H,
a

heat urea
NH -A 7^
den v.

+

CH 2 C-0H
ft

(47)

(48)

R
/

—N
\

(a)

R

R1 = R2 = R3 = H

(c) R1 = R3 = H; R2 = OH

(b)

R2 = R3 = H; R1 = OH

(d) R1 = R2 = H; R3 = OH

- 47 FIGURE 2.

urea
180°C

(49) CH2C-NH2
II

,1 o
1,3-dimethylurea

H

(5°> CH 2 C-V
n

\

1,1-dimethyl
urea

CH3
(5j_) CH2C-N;'
II
\

0
(i) S0C1 2
.
.,•-,,
^-s- low amide yield
(ii) NH 3
NH.
decomposed products

phosphine

low amide yield

(a)

R1 = R 2 = R 3 = H

(b)

R 2 = R 3 = H; R1 = OH

(c)

R1 = R 3 = H; R 2 = OH

(d)

R1 = R 2 = H; R3 = OH

CH3
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Substitution of the side chain nitrogen, without substituting the secondary nitrogen atom in the ring can be achieved
by reacting the acid with either 1 ,1-dimethyl urea or 1,3-dimethylurea to give the respective secondary and tertiary
ami de (Fi gure 2 . ) .
This simple model can be extended also to the preparation
of substituted dihydroisoindoles.

The selective use of appro-

priately substituted nitroso-2-naphthols (46b, 46c, 46d) as
starting materials allow any variation of the substituents on
the aromatic ring of the isotryptamine skeleton.
The primary, secondary and tertiary amides of the isoindol in-1-one-3-ethanamide and its hydroxy substituted isoindolin -1-one-3-ethanamide are reduced by boron trifluoride in
tetrahydrofuran as shown in Figure 3.

The corresponding

primary, secondary and tertiary amines (5_2, 53, 54) are
formed with diborane generated in situ.
The ready availability of dihydroisotryptamine by the
synthetic methods developed in this thesis encouraged
attempts towards the formation also of tricyclic systems.
Condensation of dihydroisotryptamine with formaldehyde (or
its derivatives) resulted in the formation of a third, in
this case a pyrimidine ring.

The structure of this new com-

pound (B) mimics in part the structure of some more complex
indole alkaloids originating from tryptamine e.g. those of
the harmala alkaloids.
Besides the urea fusion reaction, other methods of preparing the amide had also been examined, but they were
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FIGURE 3.

(49)

H
/

(52)

CH 2 CH 2 N
\

H

(50)
./

CH 3

CH 2 CH 2 N
(53)

\

H

(51)

CH 3
CH 2 CH 2 N
(54)

CH:

(a)

R1 = R2 = R3 = H

(b)

R2 = R3 = H; R1 = OH

(c)

R1 = R3 = H; R2 = OH

(d)

R1 = R2 = H; R3 = OH
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inefficient.

Conversion of the carboxylic acid to the amide,

with thionyl chloride and an amine or ammonia, gave very low
yields.

Attempts to dehydrate the ammonium salt of the acid

gave mainly decomposed products.

Low yields were also

obtained by the phosphine reaction, Figure 2.
Reduction by diborane was found to be the most efficient
reducing agent for this system as lithium aluminium hydride
gave unwanted alcohol and aldehyde by-products.

Catalytic

hydrogenation using copper chromite and Raney-Nickel as catalyst at elevated temperature and pressure caused ring cleavage
and also reduction of the aromatic ring.

(49a)

formaldehyde.
25°C
**

(I)
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B.

DIRECT NITROSATION OF NAPHTHOLS

As the nitrosonium ion, NO+, is a weak electrophiles
nitrosation of aromatic compounds (i.e. electrophi1ic substitution of hydrogen by the nitroso group) is restricted to
phenol and aniline derivatives.
Most carbon-nitroso compounds are relatively unstable.
However, certain groups such as - N 0 2 , -C00R or halogen tend
to stabilize the nitroso group adjacent to a tertiary carbon,
while primary and secondary nitroso groups usually stabilize
themselves by tautomerism, sometimes irreversibly, to the
oxime.

In tertiary aliphatic nitroso compounds this trans-

formation is accompanied by fission of neighbouring C-C bond
by either hydrolysis or decarboxylation.
compounds are more stable.

Aromatic nitroso

Their stability is also achieved

by tautomerism, e.g. j3-nitrosophenol/jD-benzoquinone monoxime.
The nitrosonium ion (NO ) is generated from nitrous acid
by the action of usually sulphuric acid or hydrochloric acid
on sodium nitrite.

Nitric acid cannot be used since it oxi-

dises the nitroso group.

The reaction proceeds smoothly at .

0°C, but less reactive compounds require gentle heating.
In benzene derivatives, the nitroso group enters, almost
exclusively, in the para-position to the activating group
[92].

Polyhydric phenols can also be nitrosated, e.g.

Henrich [93] obtained 4-nitroso-resorcinol as its potassium
salt in absolute alcohol.

In the naphthalene series the

reaction is not always unidirectional.

In the case of
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2-naphthol, the position para to the hydroxyl group is
blocked and the nitroso group enters the reactive 1-position
[94], while the 1-naphthol gives an equal mixture of 2- and
4-nitroso-l-naphthols [95].
Substituted-2-naphthols give with nitrous acid mainly
the mono-nitroso derivatives.

For example, 2,7-dihydroxy-

naphthalene and 7-methoxy-2-naphthol in the presence of
nitrous acid substitute at the 1-position to give 1-nitroso2,7-dihydroxynaphthalene [96] and 7-methoxy-l-nitroso-2naphthol [97].

Due to steric effects, the nitrosonium ion

substitutes at the "one" position rather than the "eight"
position, to give 1-nitroso-2-naphthol-7-sulphonic acid.
Similar substitution at the one position is also observed
with 2,6-disubstituted naphthalenes [98].

2 ,6-Dihydroxynaph-

thalene and 2-naphthol-6-sulphonic acid give the 1-nitroso2,6-dihydroxynaphthalene and l-nitroso-2-naphthol-6-sulphonic
acid as the major products, while Gates [99] obtained 6-benzoyloxy-1-nitroso-2-naphthol on nitrosation of 6-benzoyloxy
-1-nitroso-2-naphthol.

Nitrosation of 1,7-dihydroxynaphtha-

lene gives the mono nitroso compound [100] with l-nitroso-2,
8-dihydroxynaphthalene as one of the products.
In the present work Bridge's [101] classical method was
used for the nitrosation of naphthols.

Sulphuric acid in

preference to hydrochloric acid, is added slowly to a solution of naphthol or dihydroxynaphthalene dissolved in sodium
hydroxide and sodium nitrite.

It is necessary to keep the

reaction temperature at 0 C while adding the acid, otherwise
a tarry product is obtained especially in case of
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1,7-dihydroxynaphthalene. The rate of acid addition is also
essential, as dihydroxynaphthalene precipitates from acid
solution.

To obtain the nitroso compound in a good yield it

is important that a slightly more than the theoretical amount
of sodium nitrite be used and that the concentration of acid
be such that the nitroso compound remains largely undissolved
As dihydroxynaphthalenes are easily oxidized in alkaline
solution they require an oxygen-free environment, i.e. nitrosation needs to be carried out under an inert gas.

It is

best to use these nitroso compounds immediately they are
prepared as, being reactive compounds, they readily decompose
to give a complex mixture of products due to the action of
light, bases and acids.

»
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C.

BECKMANN FRAGMENTATION OF

1-NITR0S0-2-NAPHTH0L DERIVATIVES

Besides the Beckmann rearrangement reaction of oximes to
amides, many oximes undergo transformation to nitriles and
other fragments.

The latter reaction is referred to as the

Beckmann fragmentation reaction and has been observed in the
case of a-hydroxy oximes, a-keto oximes, 3-thioether oximes
[102].

Other oximes such as a-imino oximes, a-oximino oxime,

a-oximino acids etc.,

are also known to undergo Beckmann

fragmentation reaction [103].
1-Nitroso-2-naphthol, in alkaline solution, can be converted with JD-toluenesulphonyl chloride to the £-cyanoallocinnamic acid by the Beckmann fragmentation reaction.[103].

TsCl
NaOH

N-GbTs
H'

OH

COO"

COOH
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Reactions of a-keto oximes in alkaline medium with arylsulphonyl chloride were first observed by Werner and coworkers [104, 105].

Benzil monoxime gave with p_- tol uenesul -

phony1 chloride in base, benzoic acid, benzonitrile and
phenylisocyanamide.

The fragmentation reaction was also

observed in the reaction of 9,10-phenanthraquinone oxime with
benzenesulphonyl chloride in pyridine.

The products formed

are a carboxy-nitrile and 2-cyanobiphenyl-2'-carboxylic acid
[104].
Ferris [106] studied the fragmentation of a-oximino
ketones in detail, both in acid and in base, with a number of
acylating agents such as thionyl chloride, phosphorus
oxychloride, phosphorus pentachloride and benzenesulphonyl
chloride.

Nitriles were produced in all these reactions, and

the carboxylic acids were recovered from the alkaline medium.
Table 6 summarises the tosylation reaction of a-oximino
ketones in base.
Formation of a nitrile was also observed in the fragmentation reaction of 2,6-dioximinocyclohexanone in alcohol [107].
If acetic anhydride was used as the acylating agent with sodiur
ethoxide as the base, the Beckmann fragmentation product, ethy'
5-cyano-2-oximinovalerate, was obtained in 92% yield but, if
water was used as the hydrolysing agent, the yield was reduced
to 57% [108].

The fact that a number of other combinations

of alcohol and strong base also give good yields with acetic
anhydride as the acylating agent shows that alcohol can be
used instead of water in the Beckmann reaction.

The success
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TABLE 6
g-Oximino Ketone Reactions with Benzenesulphonyl
Chloride in Sodium Hydroxide

.OH

R -

0

N

I

II

c-

C - R1

1

6H5

CH 3

(%)

R1

R
C

Products

0

II

CH 3
C

6H5

C

6H5

CH

C

6H5CH2

C

2C6H5

6H5

91

CcHcC-0H
6 5
C C H C CH 0 CN
0

0

87

L.

C 6 H 5 CH 2 CN

68

CcHrCN
6 5

77

CH 3

CH 3 (CH 2 ) 3

CH 3 (CH 2 ) 3 CN

70

CH 3

CH

C C H C CH 9 CN
6 5 2

87

CH 3 (CH 2 ) 2

CH3CH,

CH3CH2CN

45

2C6H5

of this reaction in alcohol is most probably due to the ionization of the oxime anion which attacks the anhydride more
readily than the neutral alcohol [109].

Interestingly, acid
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chloride is much less selective than the anhydride in reacting
with the oxime anion in the presence of an alcholic solvent.
When equivalent amounts of acetyl chloride,

benzoyl chloride

or benzenesulphonyl chloride are used in conjunction with
sodium ethoxide 20-40% of ethyl 5-cyano-2-oximinovalerate is
obtained and substantial amounts of unchanged 2,6-dioximinocyclohexanone were recovered.
1-Nitroso-2-naphthol reacts with £-toluenesulphonyl
chloride in acetone and base to give a 66% yield of o-cyanoallocinnamic acid.
ble in acetone,

Dihydroxynaphthalene oximes are less solu-

therefore a mixed solvent, ethanol/acetone, is

employed to improve the yield.

The fragmentation of 1-nitro-

so-2,6- or 2,7-dihydroxynaphthalene gives 5-hydroxy-cyanoallocinnamic acid (12%) respectively, 4-hydroxy-2-cyanoal 1 ocinnamic acid (34%).

The low yield achieved is due to the oxidation

of dihydroxynaphthalene oxime to naphthoquinone oxime.

No

attempt was made to separate the 1-nitroso-2,8-dihydroxynaphthalenes as they are very sensitive to air oxidation. The
unsubstituted cinnamic acid prepared by this method was described as cis (or alio).

The coupling constant of the olephinic

protons in the N.M.R. spectra of the hydroxycyanocinnamic acids
confirmed this assignment (10-12Hz for cis and 14-16Hz for
trans).
Apart from the

keto group alpha to the oxime,,hydroxyl

thioether, methyl ether and amino groups are known to undergo
fragmentation reaction.

The nature of the fragmented products

depends on the substituents present in the alpha position.
For example,

benzoin oxime of the alpha isomer (anti to the

hydroxyl group) forms benzaldehyde and benzonitrile on treatment with benzenesulphonyl

chloride, whereas the syn- or beta-
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isomer gives on idential treatment, benzaldehyde and phenylisocyanide [109, 110, 111].

The cleavage reaction of benzoin

methyloxime is analogous to fragmentation of benzoin hydroxyoxime.

Treatment of benzoin methyl ether oxime with either

p-toluenesulphonyl chloride in pyridine or phosphorus pentachloride cleaves the ether oxime to benzaldehyde and benzonitrile [109, 111].
A reaction that is similar to Beckmann fragmentation of
1-nitroso-2-naphthol is that of 2-methio-7-methoxytetralone
with tosyl chloride in boiling pyridine for 12 hours.

The

yield of cis and trans isomers of methyl 3-(2-cyano-4-methoxyphenyl-prop-1-enyl) thioether is only 35% [112].

The

sluggishness of the reaction is due to the slow formation of
the tosylate complex of the hindered oxime.
This fragmentation reaction is brought about by the
development of an electron deficient nitrogen, a species that
can be easily protonated, esterified, etherified or tosylated.
The departure of "X" in (55j, followed by scission of the N-0
bond, causes a shift of an electron pair forming a C-N triple
bond, and yields the nitrile.

The cation (5_6) then combines.

with a hydrated anion, water or other appropriate species.
If the species (5J5), [R-CO]

is a stable carbonium ion,

fragmentation rather than rearrangement will be favoured, with
simultaneous nitrile formation.
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The Beckmann fragmentation reaction may be cons
to proceed by the following general mechanism:

OH
0

N'

0

R—C—-C—R1

R-

Cx

N-

II r>\\

C-L-C-

R1

(55)

0

II

-}-

R"C=N 4- x€

R—C
(56)

0

II
R—C

OH +

H+

0
II
R-C—OH
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Another mechanism which has been considered invo Ives
attack of the base on the carbonyl carbon, with conce rted
fragmentation of the rest of the molecule [113].

/

R

OTs

0
II
R-C-

N

u
II
r

n

r

•R1

•B

+

R1CN

\

B

The mechanism in these fragmentation reactions has not as yet
been unequivocally settled.

Ferris and co-workers [114] tend

to favour the former mechanism.

Freedman [115] however, is

of the opinion that in the presence of a good nucleophile and
without hindrance to attack at the carbonyl, the concerted
mechanism is likely to be the operative one.

But, if this

path cannot be followed, the fragmentation process occurs.
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D.

FORMATION OF THE ACID AMIDE IN THE SIDE-CHAIN

Conversion of isoindolinone acetic acid derivatives into
their primary, secondary and tertiary amides generated new
problems because of the sensitivity of the molecule to both
heat and acidity.

Acylation of amine derivatives with the

acid halides, or the direct conversion of the carboxylic acids
into the amides by reaction with acyl phosphines resulted in
very low yields. The experiment described below shows that the
required amides were produced in good yield by fusion of the
carboxylic acids with urea or urea derivatives.
1 . Acylation of Amines
Condensation of carboxylic acids with amines to give
carboxamides can be accomplished in several ways, as
reflected by the variety of methods available for their
synthesis.
The most common pathway for amide formation is that
of bond formation between a carbonyl grouping and an
amino-nitrogen atom by treatment of either ammonia or a
primary or secondary amine with an acylating agent to
yield primary, secondary or tertiary amides.

The acyla-

ting agent utilized in this project is the acid chloride
prepared from isoindolin-1-one-3-ethanoic acid.

Usually

the readily available acyl chloride or bromide is
employed, although in certain cases fluoride can be more
effective; for example in the preparation of formamide,
formyl fluoride is the reagent of choice [116].

It

should be noted that the sequence of reactivity of
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acylating agents is R-CO-Hal > (R-C0-) 2 0 > R-C0 2 -R.
This is a most promising reaction path as it is
distinguished by the ease of reaction and by the large
range of readily available acylating agents and amines
[117].

A variety of solvent systems had been recommended

by Zabicky [118], but in the present work only solvents
that form homogeneous solutions were used.
Table 7 lists the solvents investigated: tetrahydrofuran, chloroform, dimethylformamide, diethylether and
benzene.

Other conditions investigated were the length

of time of the reactions and the varying concentrations
of thionyl chloride.

Earlier literature suggests the

use of large excess of thionyl chloride but, more
recently, most authors [119] changed the recommendation
to a slight excess only.

Excess of acyl halide could

result in further acylation of primary and secondary
amides to yield other products, e.g. diacylamines (i.e.
imides).

The reaction time investigated varied from 30

minutes to 2 hours at reflux temperature.

Because of

the sensitivity of the acid chloride to moisture, the
excess thionyl chloride and the hydrochloric acid formed
in the reaction were removed Jj^ vacuo.

To obtain good

yields of an amide it is necessary to remove the acid
with e.g. an excess of the amine [118].

63 -

o
3-

00
fD

o

CO
O

m

-J

o

n>

<
fD

fD
-J

-h

fD

o
-J

3
CO

co

CO

o

CO

o

ro
o.

CO

CO

o

o

OJ

<<
to

~i
CD

-s

-J
fD

-s
fD
-h

c
x

X

ro
Q.
Q*
<<
to

co
CD

X

PO
fD
— I Ol

-•• n
3 c+
fD -^
O
3

-J
fD
-h

-I
fD

co
o

X

pa

fD

fD
Dl
0

fD

c
X

3
-a

•s.

—'.
rt

c+
-«•
O
3

3-

-o

CD
OJ
r+
D>

o

O

PO

<<
to

-n

3
fD

o

O

o
a*

cn
CD

3 CO
DJ c+
r+ OJ
fD -J
-J c+
Dl 3
_icQ

zn
m

m

00

OO

00

(Jl

a.

CO

—•
O
3
<<
—<

fD

O
-h
1—1

to
O
3
Q.

CO

O

3"

—J

—'

—«.

O
-J

3
1

—<•

— •

a.

fD

Ol
3
Q.

3»
3
3
O
3

•HI

CO

-H
3"

—1.

1

O
3

fD
1

CO
1

3>
fO

fD
c+
—1.

O

DJ

3>
O

I]

ro
o

to
O
3
CL
O '

3
O
3

ro

ro
o

ro
o

to

to

o

o

Q.
O

3
CL.
O

3
O
fD

O
3
fD

ro
CD

to
O

12
CO
O

to
O

3

a.
o

a.
o

ro
o

3>
(O

CD
6«

to

1/1

a

o

—1.

—I.

3

3
Q.
O

a.
o

3

3

o

o

o

3
fD

fD

3
fD

3
O
3
fD

-1
3»

cn
r—
m
^j

•

- 64 -

Products identified from the reaction mixture as
shown in Table 7 were the required amide, small amounts
of starting material, decarboxylated starting material
i.e. the isoindolinone and varying quantities of acid,
isoindolin-1-one-3-ethanoic acid and isoindolinone
detected among the reaction products may have come from
the hydrolysis of the amide, through bond breakage of
ethanamide caused by the strong acidity of the medium.
Isoindolinone has been known to dimerise in acid solution and the pyrrole ring is sensitive to acid conditions
[120].

For example, poor yields were also reported by

Shaw [120] in an attempt to prepare indole-3-ethanamide
derivatives from indole-3-ethanoic acid by thionyl
chloride reaction.
Because of the numerous by-products obtained, the
experiment was repeated under milder reaction conditions,
i.e. allowing the reaction mixture to stand in thionyl
chloride for several days at'room temperature.
results are summarised in Table 7.

The

Some heterocyclic

compounds containing a carboxyl group attached directly
to the ring are known to give acid chlorides at low
temperatures [121].

Thus 2,4-dimethyl-5-thiazole car-

boxylic acid forms the acid chloride when reacted with
thionyl chloride at -5 C in the presence of pyridine.
However, if it was refluxed in thionyl chloride, oxidation occurred and 4-methyl-2,5-thiazoledicarboxlic acid
chloride was obtained in high yield.

Similarly, 4-methyl-

nicotinic acid gave 4-trichloromethylnicotinic acid when
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refluxed in thionyl

chloride.

At low temperature

under

the same reagent, 4-methylnicotinoyl chloride was
i

obtained

[122].

COCl

™,

COOH

CH:
ref1ux
<-

72hr.

^s

S0C12/C5H5N

N<v

.S

COCl

CH:

CH:

COCl

1

-5°C

xx
N v CH:
Acid chloride formation with carboxylic
resistant to attack by thionyl chloride often

acids
succeeds

in the presence of dimethylformamide as a catalyst

[123]

Fieser and Fieser [124] showed that 5-methyl-3-isoxazole
carboxylic acid gave the acid chloride in dimethylformamide on treatment with thionyl chloride at reflux
t e m p e r a t u r e , whereas thionyl chloride alone did not
react with the free acid.

The preparation of the 4-(pi-

p e r i d i n e - 2 , 6 - d i o n e ) a c e t y l chloride from
6-dione)acetic

4-(piperidine-2,

acid is claimed to have been improved by

use of d i m e t h y l f o r m a m i d e as a catalyst [ 1 2 5 ] .

However,

the reaction of i s o i n d o l i n - 1 - o n e - 3 - e t h a n o i c acid with
thionyl

chloride and d i m e t h y l f o r m a m i d e as a catalyst

showed no marked difference in the yield of the amide,
which may be due to:
(1)

the instability of the pyrrole ring

towards

acids and possibly the easy cleavage of the
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acetyl group from the pyrrole nitrogen.
(2) the lack of ability of the acid to form
the acid halide in the first place.
(3) the failure of the acid chloride (if any
formed) to react with the amine or
ammonia.
It appeared that reaction of thionyl chloride with
those carboxylic acids that contain electronegative
groups require a catalyst to form the acid chloride,
whereas carboxylic acids that contain electron donating
groups are more reactive with thionyl chloride.

For

example, Gerrard [126] found that the rate of formation
of acid chlorides from thionyl chloride and carboxylic
acids depended on the nature of the acid, and increased
with greater electron donating power of the group.

Thus,

trichloroacetic acid gave an acid chloride only in the
presence of a catalyst, pyridine [126, 127].

Human and

Mills [128] also recommended the use of pyridine as
catalyst for inert carboxylic acids and in some cases an
equimolar quantity of pyridine or zinc chloride as
catalyst.
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2.

Dehydration of Ammonium-Salts
A convenient procedure of obtaining acid amides in
good yield is to heat the ammonium salt of the corresponding acid at 160°C to 190°C or better at about 230°C i_n
vacuo.

The water formed as by-product should continually

be removed.

Hofmann [129] prepared various amides by

heating ammonium salts of aliphatic acid for six hours
at 230°C under reduced pressure.

Kundig [130] prepared

ethanamide by rapid distillation of ammonium acetate and
also by heating an alcoholic solution of acetic acid and
ammonia in a sealed tube for several days at 100 C.

He

also obtained ethanamide in greater than 25% yield by
passing dry ammonia through acetic acid and then heating
the mixture to boiling.

Grant and James [131] extended

this method for the preparation of many different carboxylic acid amides.

Dunlap [132], Keller [133] and Verley

[134] had, in turn, heated sodium acetate and ammonium
chloride to 240°C to produce ethanamide.
Ethanamide is however best prepared, according to
Coleman and Alvardo [135], by heating a mixture of
ammonium acetate and acetic acid under reflux in such a
manner that the excess acetic acid and water formed in
the reaction are slowly distilled off.

Noyes and Goebel

[136, 137] showed that presence of excess acetic acid in
the mixture catalyzed the reaction.

Mitchel and Reid

[138] prepared other amides by passing ammonia gas
through aliphatic acids at a suitable temperature and
removing the water formed by Alvardo's process.

The
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equilibrium of the reaction was thereby displaced in
favour of amide formation and high yields were obtained
as shown in Table -8.

The rate of reaction is slower for

higher acids and this results in appreciably lower yields.
Diethylamides were also prepared in the same manner but
in lower yields.
TABLE 8.
Aliphatic Amides

Acid

Yield%
(Amide)

Reflux(°C)

Time (hr.)

acetic

80-190

8

96

propionic

80-190

5

95

b u ty r i c

85-185

7

88

valeric

90-180

15

82

caproic

90-180

7

75

heptanoic

90-180

7

75

caprylic

90-180

11

80

Philbrook [139] modified the above process and
prepared amides from acid chlorides and ammonia in good
yield.

The method requires that ammonia be present in

excess.

Accordingly, the acid chloride is dissolved in

benzene in order to avoid diamide formation and the
solution is added dropwise to hot benzene, through which
a stream of ammonia is passed, until completion of the
reaction.
Attempts to dehydrate ammonium isoindolin-l-one-3-

- 69 -

acetate by heating it up to 100°C in vacuo, produced
only 6% of the corresponding amide (Table 9 ) . Elevation
of the reaction temperature promoted further dehydration
to the nitrile and increased the rate of decomposition
of the starting material.

This is not a unique experi-

ence as instances in which amides were not obtained from
the salt had been reported earlier [140].

Thus, no amide

was obtained from palmitic or stearic acids upon heating
to 196 C for several hours; lower acids gave only traces
of their amide when its ammonium salts were heated to
185 C for 16 hours.
TABLE 9.
Dehydration of Ammonium Salt of
Dihydroisoindolone Ethanoic Acid

Acid

Sol vent

dihydroisoindol -r 1one-3-ethanoic acid

no
sol vent
(NH
3>g.

Temp.
°C

Time
hrs.

Product
%

sublimed
at 100°C
under
O.lmm.Hg
sublimed
at 100°C
under
O.lmm.Hg

ammonium
salt and
15min.
.. decomposed
products
N 6% amide
and
30
decomposed
products

dihydroisoindol — 1one-3-ethanoic acid

acetone
sat.
with
(NH3>g

ref1uxed

30min.

no
reaction

dihydroisoindol — 1one-3-ethanoic acid

NH 4 0H
NH 4 0H

50°C
50°C

30min.
lhr.

6% amide
6% amide

dihydroisoindol — 1one-3-ethanoic acid

dihydroisoindol — 1one-3-ethanoic acid

dihydroisoindol
1one-3-ethanoic acid

no
sol vent

Mh'9

CH 3 NH 2

(CH 3 ) 2 NH

sublimed
at 100°C
under
0.1mm.Hg

2% amide

sublimed
at 100°C
under
0.1mm.Hg

no
reaction
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3.

Direct Conversion of Isoindolinone Ethanoic Acid to
its Amide with Acyl Phosphine
An alternative method to the preparation of amides,
reported by Grecio et. al. [141], is the conversion of
carboxylic acids to their respective amides with tri-n_butylphosphine at room temperature.

This one step reac-

tion at ambient temperature, seems to provide a promising
pathway for the conversion of the sensitive isoindol inone
ethanoic acid to its amide.
Thiophosphon i um cyanide ( 5_7) , prepared from tri-n_butylphosphine and o-nitrophenylthiocyanate, yields, in
the presence of a carboxylic acid, the active acyl
intermediate (5_8).

This reacts with an amine to produce

the corresponding amide and tri-jv-butyl-phosphine oxide.

0
©

0

SPBu3CN

+

+
RC—0PBu :
II

0
R£—OH

N0 2

(58)

+

(57)

+

HCN

The acyl species (58) are wery reactive and convert
certain organic functional groups, especially carboxylic
acids, to amides under mild conditions.

They are used

successfully in reactions of both aryl and alkyl carboxylic acids and with both primary and secondary amines
[142].

(Table 1 0 ) .
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TABLE 10.
Preparation of Amides

Acid

Ami ne

Time(hours)

Yield(%)

cyclohexanecarboxylic

allyl

7

100

cyclohexanecarboxylic

i s o b u ty 1

8

99

cyclohexanecarboxylic

diethyl

8

96

benzoic

allyl

5.5

100

benzoic

isobutyl

6.5

96

benzoic

di ethyl

5.5

100

Using the method described above we have successfully synthesized secondary and tertiary amides of isoindolinone ethanoic acid by passing methylamine and
diethylamine respectively into a mixture of tri-r^-butylphosphine isoindolinone acetic acid and nitrophenylthiocyanate.

After allowing the reaction mixture to stand

for 10 hours and eluting it through a silica column with
a solvent of low polarity e.g. benzene or hexane, the
amides were obtained in 22 and 30% yield respectively.
Hydroxy substituted isoindolinone ethanamides gave
approximately the same yield.

Prolonged reaction time

or addition of excess amine did not improve the yield.
No primary amide was obtained at all when ammonia gas
was used instead of an amine.

Most likely, the ammonium

salt of the acid formed too readily (Table 11).
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TABLE 11
Preparation of Amides from Phosphine

Amide Yield

%

Starting Material
Primary

Secondary

No
reaction
(most
probably
Amm.salt)

22%

30%

No
6 - Hy droxydi hydroi soi nd oi- reaction
(most .
l-one-3-ethanoic acid
probably
Amm.salt)

20%

27%

Dihydroisoindol — 1-one3-ethanoic acid

Tertiary

Carboxamide formation employing tri-ri-butyl phenylphosphine at room temperature had also been reported by
Matsueda et. al . [142]. For example, 62% of N-jx-butylhexamide was obtained from hexanoic acid with n_-butylamine using £-£.' -dichl orodi phenyl di sul phide .
n-CcH11C00H + nC/,HQNHo + Ph„P+(p-ClCcH.S)o+CuClo+2Et,N—J^temp_
— 5 11
— 4 9 2
3 V£64
2
2
3
3hr
j1-C5HnC0NH(n.-C4Hg)
+ Ph3P0
+ (p_-ClC6H4S)2Cu
+
+ 2Et3 NHC1"
However, direct amide synthesis from isoindolin-1one-3-ethanoic acid and methylamine, using disulphide as
the oxidant, produced only a low yield of the amide
together with an equal quantity of the thio-ester and
some starting material. The results showed that the
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attack of the carbonyl group on the active phosphonium
salt (59j did not materialize and that the intramolecular nucleophilic attack of the mercapto anion favours
the carbonyl carbon (Figure 4.). Pearson [143] recommen
ded a metallic cation (soft acid) to react with the mercapto anion (soft base) and demonstrated that mercuric
chloride can prevent thiol ester formation.

FIGURE 4.

Ph3P + R-SSR3

^

©
©
J
[Ph3PSR SR J ]
(59)

R]C00H + |-HgCl2
+ Base

0
©
II ,Q o
[Ph3P-0-C-R'SR ]

© ,©
1
[Ph3PSR° 0-CO-R ]

+
\

(R3S)2Hg + Base.HCl

R 2 NH 2 + ^HgCl 2 + Base

3

(R^OSR )

R ] C0NHR 2 + Ph3P = 0

+ 1 (R3S)2Hg + Base.HCl
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Triphenylphosphine , in the presence of trichlorobromomethane, successfully converted acetic and benzoic acids
to their corresponding amides in 91% and 85% yield respec
tively [144] (Table 12).
TABLE 12
Preparation of Amides

Acid

Ami ne

Yield(%) of Amides

acetic

n-butyl

91

acetic

t-butyl

97

benzoic

n-butyl

85

benzoic

t-butyl

97

However, triphenylphosphine, trichlorobromomethane , the
acid and the amine had to be refluxed for 2 hours in
tetrahydrofuran to generate the active triphenylacyloxyphosphonium chloride.

Therefore this method could not

be employed for our synthesis as isoindolinone ethanoic
acid decomposes on heating.
Ph
Ph
Ph

P + BrCCl3 + RCOOH + 2RRNH — >
0

u
RC - NRR + (CgH5)3P0 + HC0l3
©
©
+ RRNH2Br

I

Hendrickson [145] used triphenylphosphine oxide and
trif1uoromethane sulphonic acid anhydride to convert a
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number of aromatic and aliphatic acids to their amides
while others used titanium chloride and phosphine for
this purpose [146].

Although the reaction sequence

showed some promise, it required not only costly reactants, but also a relatively lengthy and tedious separation process of the by-products and unreacted starting
materials from the amides which were anyhow only in low
yield.
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4.

Reactions of Isoindolin-1-one-3-ethanoic Acid with
Urea

Derivatives
Following the failure of all earlier attempts to

prepare isoindolin-1-one-3-ethanamide in good yield from
its free acid, the possibility of forming the amide by
heating it with urea was explored.

This reaction [147,

148, 149] has been widely used and primary, secondary
and tertiary carboxamides have been prepared satisfactorily by heating the acids with urea, 1,2-dimethylurea
and 1 ,1-dimethyl urea respectively [120].

0
II
R—C—OH

0
-f

H,N

II

•NH-

heat
>

•C
0
II
R — C —NH-

-[-

NH 3

-f- C0 ;

This method proved to be by far the most satisfactory
method for the preparation of primary, secondary and
tertiary isoindolinone ethanamides and their hydroxy
derivatives too.

The reaction requires considerable

care since large volumes of gas are evolved during the
reaction as urea tends to sublime into the reflux condenser during the amide preparation.
versible.

The reaction is irre-

Urea and carboxylic acid yields carbamic acid

on heating and the latter decomposes to ammonia and carbon dioxide.
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Isoindolin-1- one-3-e thanamide was prepared in good
yield from its aci d if heated wi th 0.5 mole excess of
urea at 180°C for 3 hours then at 190° C for a further
period of 3 minute s (Tab!e 13).

T empe ratures higher

than 180°C tend to 1 ower the yield due to decomposition
while at temperatu res bel ow 180°C the reaction remains
incomplete.
30%.

The s t a r t i n g material rec overed is about

Addition of e x c e s s

urea does not improve the yield.

For example, octan e-1 ,8-d i c a r b o xy 1 ic a cid is recovered
unchanged if fused with 0 .5 moles exce ss urea at 160 C
[150].

If using a n excess of 0.5 mol es of urea or at a

higher temperature , the amide yield wa s below 49%.

At a

higher temperature octame thylene-1 ,8-d icyanide was the
major product [151 ].
on the acid.

The amount o f ur ea required depends

The hydroxy substitu ted dihydroisoindol—

l-one-3-ethanamide s were produced in 4 5% yield when
heated with an exc ess of 2 moles o f urea at 180°C for 3
hours.
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TABLE 13
Preparation of Primary Amide

Starting Acid

0
/ \ Ji

n

L

NH
CH2C—OH

II
0

HOs.

^

0
II

Y^r™
v^ ^
vv

CH 2 C — O H
0

excess
mol es
of
urea

Yield(%)
Temp

(°c)

Time
(hr)

Pri.
amide

acid
recovered

0.5

170

2

42

40

0.5

170

3

41

40

0.5

180

2

60

32

0.5

180

3

60

30

1.0

180

2

52

30

0.5

200

2

35

20

0.5

200

3

35

20

0.5

170

2

21

30

0.5

170

. 3

20

30

0.5

180

2

25

32

1.0

180

3

25

32

2.0

180

3

46

20

The reaction temperature for the conversion of acids
to amides vary according to the nature of the carboxylic
acids, viz., simple formic and acetic acid are easily
converted to methanamide [151] and ethanamide [152] respectively at 130 C with an excess of only 0.6 moles of
urea.

Carboxylic acids such as octadecanoic acid and

octadec-9-enoic acids [153], i.e. acids with longer carbon chains, are converted at 180-250 C to octadecanamide
and octadec-9-enamide.

Heptanoic acid reacts with urea
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at 140-180 C to yield the respective heptanamide [154].
Conditions for the preparation of secondary and tertiary
amides are set out in Tables 14 and 15.
TABLE 14
Preparation of Secondary Amides

Starting Material

excess
mol es
of
urea*

Temp

(°c)

Time
(hr)

Sec.
Amide

Starti ng
Material
recovered

2.0

170

3

5

50

2.0

180

3

44

8

2.0

190

3

40

2

2.0

170

3

10

50

6-Hydroxyisoindolin-

1.0

180

3

15

41

l-one-3-ethanoic

2.0

180

3

26

32

acid

1.0

190

3

39

28

2.0

190

3

39

24

2.0

170

3

23

16

2.0

180

3

24

10

2.0

190

3

20

12

5

190

3

20

10

Isoindolin-l-one-3ethanoic acid

5-Hydroxyisoindoli nl-one-3-ethanoic
acid

*excess moles of 1 ,3-dimethylurea

Isoindolin-1-one-3-(N,N-dimethyl)ethanamide and its
hydroxy substituted amides were prepared by fusing them
with 1,1-dimethyl urea at 190°C for 3 hours.

The products
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formed consist of primary and tertiary amides in a ratio
of 3:4.

The primary amides separate readily as white

crystals.

The tertiary amides, being very soluble both

in water and in organic solvents, can be obtained only
after elution through a silica column of chloroform/
methanol (5:2)as the eluent.

Attempts to prepare the

tertiary amide from tetramethylurea failed, as a diamide
was obtained.

This is contrary to the behaviour of

2-methyl-5-methoxy-3-indoleacetic acid which reacts with
tetramethylurea at 195°C for two hours to give the
tertiary amide [120].
Certain factors, like the presence of additional
functional groups in the acid may hinder amide formation
[154].

The presence of halogen in any reactive position

may reduce the yield considerably, e.g. Cherbuliez [155]
obtained only 10% chloroethanamide from the interaction
of chloroethanoic acid with urea.

Other factors e.g.

unsaturation or additional groups such as oxo-acids and
hydroxy acids may also lower the amide yield.

The main

product of decomposition of urea is cyanic acid which
may polymerise to cyanuric acid.

Since the experimental

conditions (heating the acid and urea mixture to 180°C),
used for amide formation involved elevated temperatures,
this reaction must also be considered to play a role in
determining the true yield of the amide.
The mechanism postulated for this reaction is that
carboxylic acid reacts with the cyanic acid (most
probably with the isocyanic acid), to form the addition
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intermediate (60j.

This intermediate then decomposes to

the required acid amide while carbon dioxide is formed
from the carbon atom of cyanuric acid. This proposition
has been well supported by Arnstein et. al. [156], who
demonstrated by radio active tracer technique
that all the carbon dioxide originates from urea.
0
NH2-C-NH2 ^ NH3 + NH = C = 0 >

" ? 9 ?
R

(60)

'C"0H>

H 2 N-C-0-C-R

>

R-C-NH 2 + C 0 2
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E.

PREPARATION OF THE AMINES

1. Attempted Reduction by Lithium Aluminium Hydride
One of the strongest reducing agents for organic
compounds, discovered by Finholt and co-workers [157,
158] in 1947, is lithium aluminium hydride.

Its redu-

cing capabilities were recognised by Nystron and Brown
[159, 160] who converted acid amides to the corresponding amines by simply reducing the carbonyl group of the
amide to a methylene group.

Comparison of the reducing

power of lithium aluminium hydride by Uffer and
Schlittler [161] with other hydrides, viz. aluminium
chloride, aluminium borohydride, calcium borohydride,
lithium borohydride, sodium aluminium hydride and potassium borohydride showed that lithium aluminium hydride
is the most efficient reducing agent among them.

In a

series of amide to amine conversions Micovic and
Mihalovic [162] found that the yield of the amines were
increased significantly if lithium aluminium hydride was
employed for reduction.
Consequently, this possibility was explored for the
amide-lactam reduction in the isoindolinone ethanamide
series.

The results of these experiments are shown in

Table 16 at various elevated temperatures, at varying
reaction times and in different solvents.

Attempts to

reduce the unsubstituted isoindolinone ethanamide gave
only a small amount of amine, while in case of the
hydroxy-isoindolinone acetamide no reduction at all took
pi ace.
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TABLE 16
Reduction of Amides with Lithium Aluminium Hydride

COMPOUND

Excess
mol es
Hydride
THF*

YIELD
Time
(hr)

Alco- Alde- Acid
hyde
hol

Amine
%

Temp
(°C)

5

ref1ux

100%

70hr

100%

70hr

100%

70hr

20%

8

ref1ux

100%

70hr

6%

5

25°C

50%

24hr

20%

9

ref1ux

50%

70hr

2 5%

8

ref1ux

50%

70hr

10%

5

25°C

100%

70hr

20%

5

ref1ux

100%

70hr

11%

ref1ux

100%

70hr

11%

25°C

100%

70hr

11%

ref1ux

100%

70hr

= 11%

50%

70hr

15%

100%

70hr

15%

50%

70hr

20%

(49a)
25°C

(50a)

5%

(51c)

(49c)

(50c)

(51c)

25°C

3%

2%

2

ref1ux

2%

2

ref1ux
25°C

*Excess moles of lithium aluminium hydride in tetrahydrofuran.
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According to the stoichiometric equation

«

2R—C

/

R

N

-(-

LiAlH^

R

2RCH 2 NR 2
+ LiAl02

the reduction of one mole of disubstituted amide
requires 0.5 mole of the hydride, while for most monosubstituted and unsubstituted amides this amount is
increased by 0.25 to 0.5 moles respectively.

This is

probably due to the action of the reducing agent on the
hydrogen atoms of the amide group.

However, Uffer and

Schlitt^er, [161] as well as the majority of other investigators, used large excess (up to five times) of equivalent lithium aluminium hydride.

The experiments des-

cribed in Table 16 showed that reduction of disubstituted amides, e.g. compound (51a) gave in 24 hours a maximum
yield of 9% amine and 20% alcohol.

Prolonged heating

did not increase the yield."' At room temperature the
reaction was slow and incomplete and even after 70 hours
the yield was only 5% amine with 10% alcohol.

Attempts

to improve this yield by varying the polarity of the
solvent was unsuccessful.

Besides alcohol and aldehyde

traces of decarboxylated compounds and ethers due to
cleavage of carbon-nitrogen bond of the pyrrole ring
were also detected by mass-spectrometry.

Reduction by

Micovic [162] of N-benzoylpiperi dine and N,N-diethylbenzamide gave benzyl alcohol in 10 and 5% yield respectively, and N,N-diethylnicotinamide (coramine) gave 18%
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3-pyridinemethanol.
For the reduction of mono-substituted amides, e.g.
compound (50a), (Table 16), 100% excess of reducing agent
was required to obtain 8% (optimum) amine.

The large

excess was necessary to shorten the reaction time.

It

is probable that these amides, as well as the unsubstituted (primary) amides, form complexes which are difficult to reduce.
The length of time of the reaction and the temperature at which the hydride is allowed to react with the
amide are other factors which affect the yield.

The

suspended amide often has to be stirred at reflux (not
just room) temperature for 12 to 72 hours.
primary amides, compounds

For the

(49a) and (49c), the reaction

was monitored by thin layer chromatography

(chloroform:

methanol, 3:1) on silica to determine the amount of
amine formed.

In fact, already after only 30 hours of

reflux, some by-products (due e.g. to decarboxylation
and/or ring cleavage) were detected.

Reduction of the

tertiary amide (51a) is much faster but the yield is still
low,

(8-9%).

Extended reflux time enhanced the yield of

only the alcohol which is one of the main products
formed during the reduction of primary amides.

Long

heating time also decreased the yield of coramine, e.g.
one hour heating produced 84% amine while after 12 hours
the yield dropped to 60% [162].

The formation of the

alcohols during the reduction of amides with lithium
aluminium hydride has been confirmed by several workers
[163, 164].

For instance, 2-aminobutane-l,4-diol was
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obtained in the reduction of ethyl asparaginate [165].
Due to side reactions the yield of amine from isoindolinone acetamide is very poor and lithium aluminium
hydride does not reduce compounds (49c), (50c) and (51c)
at all as shown in Table 16.

Although 3-indole-ethana-

mide was reduced to the amine by lithium hydride (Table
1 7 ) , several other reports indicate unsuccessful

attempts

to reduce amides with lithium aluminium hydride, e.g.
N,N-diethylcinnamide was reduced mainly to cinnamyl alcohol (29%) and N-cinnamoylcarbazole gave only small
amounts of cinnamaldehyde.
TABLE 17
Lithium Aluminium Hydride Reduction of
3-Indole-ethanamide Derivatives

3-Indoleethanamide

Sol vent

Amine Yield
%

1-methyl-5-methoxy

ethanol

48

2-methyl-5-methoxy

ethyl acetate

57

1,2-dimethy!-5-methoxy

ethyl acetate

66.00

3-indole-N,N-dimethy1acetamide

ethyl acetate

40%

1,5-dimethylserotonin

ethanol

47%

2,5-dimethylserotonin

ethanol

48%

2,5-dimethylbufotenine

ethanol

71%

Different amides react differently with lithium
aluminium hydride.

The slowness of the reduction of

primary amides,.as opposed to the rapid reduction of
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tertiary amides, was ascribed to the formation of an
unreactive complex of the functional group with the
0
reducing agent, -N=C=0A1H 3 which resists attack by lithium aluminium hydride.

Hinman [166] who studied the reac-

tivity of the following acyl hydrazines, Ph-CO-N(CH 3 )NH 2 ,
Ph-C0-N(Ph)NH 2 , Ph-C0-N(H)N(CH 3 ) 2 , and Ph-CO-N(H)NH 2
suggested that the first two compounds were reduced to
the hydrazine by hydride, demonstrating that replacement
of an active hydrogen associated with the following
functional group is accompanied by

activation towards

lithium aluminium hydride.
Excess hydride was decomposed by careful addition
of water to give aluminium and lithium hydroxides.
Isolation of the reduced products was made difficult by
the interference of the hydroxide and the large volume
of water used.

The best method of hydrolysis, adopted

from Micovic et. al., [162] is the addition of only the
calculated amount of water containing 15% sodium hydroxide, as this produces a dry granular precipitate that
absorbs very little material.

This way the precipitate

can be filtered and washed easily with an organic solvent
The reduction of carboxylic acid amides to the corresponding amines is due to attack of the active lithium
aluminium hydride on two molecules of amide giving a
complex cyclic intermediate (61), which on hydrolysis,
is cleaved to the amine.

The hydrogen ions are supplied

by the hydrolysing agent [162, 167].
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-n-r

(61)

There are several other different mechanisms proposed by Gaylord [168, 169], Horman [170], Weygand [171]
and Newman [172] to explain the formation of all the
products isolated and the low yields of amines obtained.
The fact that lithium aluminium hydride does not
reduce all amides, especially primary amides is probably
due to the insolubility of the amides in the solvent system [173, 174].

This contention is supported by the

unsuccessful attempts to reduce 6-methoxy-2-naphthylethanamide to the corresponding amine with lithium aluminium hydride either in ether or in tetrahydrofuran.

If,"

however, 6-methoxy-2-naphthylethanamide was first dehydrated to the nitrile, reduction to the amine proceeds
smoothly [173].

Ethyl asparaginate was converted by

lithium aluminium hydride to 2-aminobutane-1,4-diol
rather than the amino-alcohol [175].

No reduction of

4-amino-l,2,3-triazole-5-carboxamide [176] was observed
with lithium aluminium hydride; only cleavage occurred.
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Diborane Reduction
Although lithium aluminium hydride is recognised as
one of the strongest reducing agents, attempts to reduce
the primary, secondary and tertiary amides and lactames
isoindolinone ethanamide were unsatisfactory.

Lithium

aluminium hydride produced only low yields and a mixture
of unwanted by-products.

Hydroxy substituted isoindoli-

none ethanamides were completely unaffected by lithium
aluminium hydride.

Consequently, the action of other

reducing agents was also explored.

Sodium or potassium

borohydride with the exception of a few isolated cases
[177, 178, 179, 180] do not usually reduce primary and
secondary amides.

Although a combination of aluminium

chloride with sodium borohydride is a better reducing
agent for secondary and tertiary amides than sodium
borohydride, the presence in the reaction mixture of
aluminium chloride itself creates some additional problems especially when tetrahydrofuran is used as a solvent.

Because addition of solid aluminium chloride to

tetrahydrofuran solution generates large amounts of heat
great care and caution are required to control the
reaction temperature.
Interestingly, the experiments described here show
that satisfactory results could be achieved by the use
of diborane which is known as a mild but effective
reducing agent capable of reducing organic compounds at
room temperature [181].

Reduction of amides and imides

with diborane is well documented [182, 183].

According
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to Brown and Heim [184, 185], both aliphatic and aromatic primary, secondary or tertiary amides are reduced at
room temperature with excess diborane to the corresponding amines in almost quantitative yield [186].
The reduction of primary amides is si ow, compared
with that of secondary and tertiary amides, and requires
seven active hydride

ions

[187, 188] (two hydrides

for the active hydrogens present on the nitrogen, another
two for the reduction, and three more to form an amineborane comp!ex).

8

BF3/THF

C-NH 0

—

?
>

X

\

^B

H

B".

+ H,

-C-N

fast

"f-<

/H

V1

/

BH 3 /THF

0

B^

v.siow

I. \'

2

Secondary amides require a total of six "active hydrides"
for smooth reduction (i.e. one fewer than primary amides,
because it contains only one hydrogen atom on the nitrogen).

Finally, tertiary amides, where there are no

active hydrogen atoms, require five "active hydrides" for
complete reduction.
Diborane adds to the oxygen atom of the C=0 double
bond of e.g. amides, aldehydes and ketones.

This is
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followed by a transfer of a hydride from boron to carbon

C0-B<

°> /

-> HC-N'
IV
H
(62)

H-C-N

\

©

B

+ OB

^

2H6

H-C-N.
I

\

H
In other words, diborane is a Lewis acid which functions
best at positions of high electron density.

Although

the mechanism is complex, the presence of an electrondonating atom is required before the C-O bond cleaves in
a C-O-B type intermediate.

This illustrates the general

ity of cleavage induced by electron-donation.

The frag-

mentation of intermediate (62j constitutes the reaction
pathway observed in the ready reduction of ketones and
aldehydes.
Zweifel and Brown [183] recommended three general
procedures for hydroboration:
(1) diborane is generated in situ (boron trifluoride
is added to a mixture of sodium borohydride and
the amide in the same reaction vessel)
(2) diborane is generated externally and passed into
theamidesolution
(3)

a solution of diborane is added to a solution of
the amide.
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In the case of the isoindolinone ethanamides successful reduction occurred with diborane generated in
situ.

The amines were obtained in reasonable yield by

adding boron trifluoride to a mixture of sodium borohydride and the amide.

However, no hydroboration occurred

with hydroxy substituted-isoindolinone ethanamides.
They can be reduced by reversing the addition process
viz. by adding sodium borohydride in tetrahydrofuran/
diglyme solution to a solution of amide in boron trifluoride.

Attempts to reduce either the hydroxylated or

the non-hydroxylated amides by procedures (2) and (3)
failed to give the corresponding amines.

Table 18 sum-

marises the results of diborane reduction of amides and
imides, in tetrahydrofuran at ambient temperature, to
the corresponding amines when boron trif1uoride/tetrahydrofuran is added to a mixture of sodium borohydride
and the amide suspended in tetrahydrofuran.

Using this

method with excess diborane, the primary, secondary and
tertiary amides, isoindolin-l-one-3-ethanamides, and
other cyclic amides, are reduced to the amines in yields
of 36%, 43% and 50% respectively.

By dropwise addition

of a tetrahydrofuran solution of diborane to the amide
Brown and Heim [184] obtained an average yield of 90% of
amines in most of his amide reductions.

However, Brown's

method was unsuitable for reduction in the isoindolinone
system even at elevated temperatures.
ses some of Brown's reduction results.

Table 19 summariThe high yields

obtained by him may be due either to the inherent solubility of the substrate in diborane or to the fact that
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TABLE 18
Reduction of Isoindolin-l-one-3-ethanamide
with Diborane

Amide

m.mole
amide

m.mole
B

Temp.

Time

Sol vent

2H6

Ami ne
Products
%

(49a)

26.3

342

30°C

70hr

T.H.F.

36%

(50a)

24.5

294

30°C

lOhr

T.H.F.

43%

(51a)

22.9

252

30°C

lOhr

T.H.F.

50%

TABLE 19
Diborane Reduction of Acid Amides to Amine
Acid Amide

Product

Yield

Hexanoic

n-hexylami ne

87%

N-Methy!hexanoic

methyl-n_-hexyl amine

98%

N, N-Dimethyhexanoic

dimethyl-ji-hexyl amine

95%

N , N-D i me t hy1p i va1i c

dimethylneopentylamine

92%

Benzoi c

benzyl ami ne

87%

N,N-Dimethyl benzoic

dimethyl benzyl amine

98%

N,N-Dimethyl-£-nitrobenzoic

dimethyl-£-nitrobenzylamine

97%

N,N-diethyl pivalic

diethylneopentylamine

94%
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they were simple aromatic and aliphatic amides.

Bissell

and Finge [189] obtained in fifteen minutes, 64% of N,Ndimethyl trifluoroethylamine by reduction of N,N-diethyltrifluoroethanamide with diborane generated in situ. ^The
primary amide of this trifluoro derivative gave a 44%
yield within an hour using the same procedure but generating diborane in diethyl ether.
Although Brown and Heim [184] found that the rate
of reduction was accelerated if the mixture was refluxed
for 2-8 hours, this procedure does not apply to isoindo1in-l-one-3-ethanamide.

Exposure of the isoindolinone

ethanamide reaction mixture to even short periods of
heating, resinified the amines produced and resulted in
decomposition to the alcohols.

In addition, the amide

is susceptible to hydrolysis at reflux temperature.
Optimum yield is ob tained by stirring the mixture in
excess diborane at room temperature for 70 hours.

The

number of moles of excess diborane required is much
higher for primary than for secondary or tertiary amides.
B est results a re obt ained by mild hydroi.ysis of the
amine- borane comp!e x i. e. by allowing it to s tand overnight in 2N HCl/met hanol , instead of the conventional
e. warmi ng the mixture in 6N HC1
method of hy drolysi s i .
for fi f teen minutes [184] , as any appreciable amount of
heat 1 owers the yie Id.

F irst the low boiling com ponents

of the mixed solven ts, te trahydrofuran and me thanol , are
remove d by vacuum d istiill ation, trlen diglyme, by azeotropic d i s t illation in hi gh vacuum

below 30° C.

The
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free base could then be recovered by extraction of the
basified solution with diethyl ether.

More polar sol-

vents, e.g. dichloromethane and chloroform tend to
extract the resinified and oxidized amine as well.
Numerous reductions of amides and lactams to amines
by diborane are reported in the literature [190].

The

yields obtained with compounds closely related to isoindole ranged from 80-100% in case of primary amides,
while yields from imides varied from case to case.
example, McEvoy [191] successfully reduced

For

3-(2-hydroxy-

ethyl)-2-indolinone with diborane by refluxing it for 18
hours, under argon, to give 49% of 3-indolinylethanol
but, contrary to previous reports [192], he could not do
so with lithium aluminium hydride.

Reductions with

diborane of amides of eburnamine alkaloids [193], bufotenine [194], and lysergic acid have also been
reported

[195].

The inactivity of diborane towards the reduction of
hydroxy-substituted isoindolinone-ethanamides is as yet
unexplained and requires further i nvestigati on (Tab! e 20).
Brown [184] claimed that introduction of polar substituents in N, N-dimethyl benzamide such as p_-chloro, £methoxy and £-nitro (i.e. both electron releasing and
electron withdrawing ones) did not influence either the
rate of reduction of the yield to any appreciable extent.
However, the reduction of a series of 6-substituted-3methyl-1,2,3,4-tetrahydro-$-carbolines was sensitive to
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TABLE 20
Reduction of 6-Hydroxyisoindolin-1-one-3-ethanamide

Ami de

(49c)

m.mole
amide

24.3

m.mole
B2H6

315.5

Temp.

reflux

Time

Sol vent

Products

T.H.F.

= 20%
acid and
unreacted
starti ng
materi al

70hr

(50c)

22.7

272.3

reflux

15hr

T.H.F.

Acids
and unreacted
starting
material

(51c)

21.4

235

reflux

lOhr

T.H.F.

Starting
material

TABLE 21
Reduction of Disubstituted-2,3-indolinedione
with Diborane

R2

R

1

*°

fX

V
R

2

*0
R

1

Yield
dihydroindole

R3

R H3

H

72

CH 3

H

H

81

H

Br

H

68

H

F

H

45

H

Br

Br

66

H

N02

H

58

H

(%)
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the nature of the substituents present.

DeGraw et. al.

[196] reduced the 6-chloro-1,2,3 ,4-tetrahydro-l-oxo-Bcarboline to the appropriate 6-chloro-1,2,3,4-tetrahydro
-3-carboline in 33% yield, whereas the fluoro- and
bromo-substituents gave only 15 and 19% yield respectively.

Lithium aluminium hydride was unsuitable for

this reduction.

Our results confirmed that substituents

play a critical role on yield.

Further examples of sub-

stituents affecting yield were given by Sirowej et. al.
[197] who reduced 5,7-disubstituted-2 ,3-indolindione
(isatin) to the corresponding dihydroindole
diborane.

by

The results are depicted in Table 21.

The fact that diborane generation could be carried
out by several procedures had prompted us to look
closely into these alternative methods in order to
obtain better yields.

Interestingly, the rate of reduc-

tion of carbonyl compounds increases with increasing
acidity [181], and a pronounced increase became evident
in both the rate and the yield of reduction when excess
boron trifluoride etherate was used, e.g. 4-1-butylcyclohexanone gave 52% alcohol when the reduction with .
diborane was carried out in the presence of boron trifluoride [198].

Under the same conditions, but without

excess boron trifluoride, the appropriate alcohol was
formed only in 16% yield.

Later several workers [199]

demonstrated that both boron trifluoride and sodium
borohydride possess catalytic effects.

Therefore we

explored this catalytic effect on the reduction of
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unsubstituted hydroxyisoindolinone-ethanamides as far as
the order of addition of the reagents is concerned.
Table 22 summarises the results obtained by varying the
length of reaction time and the ratio of the hydride
used when reducing, by the slow addition of a diglyme
solution of sodium borohydride, hydroxyisoindolin-1-one3-ethanamide

in boron trifluoride diluted with

tetrahydrofuran.
Several research groups [200, 201] showed that
diborane produced in a separate vessel is a good reducing agent for primary, secondary and tertiary amides.
Smissman et. al. [202] found that barbituric acid
derivatives such as (6_3) could be reduced either to (64)
or to (65_), depending on the reaction conditions.
This reduction takes place only if the action of sodium
borohydride and boron trifluoride on barbituric acid is
followed by oxidation with alkaline hydrogen peroxide.
The reason for the lack of reduction without peroxide
is not yet known.

yy,

(64)
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TABLE 22
Amide Reduction by the Addition of
NaBH4 to BF3/T.H.F. at 30°C

Y i e 1 d (%)
Ami ne

m.moles
amide

m.moles
B2H6

Time

6-hydroxydihydroisoindol
-l-one-3-ethanamide

24.3

315.5

70hr

5 5%

6-hydroxydihydroisoind o l — 1-one-3(N-methyl)
ethanamide

22.7

272.3

15hr

58%

6-hydroxydi hydroi soi ndol — l-one-3(N,Ndimethyl)ethanamide

21 .4

235

lOhr

70%

Time

Yield(%)
Ami ne

Amide

TABLE 23
Amide Reduction by the Addition of
NaBH4 to BF3/T.H.F. at 30°C

Amide

m.moles
amide

m.moles
B

H

2 6

dihydroisoindol — 1-one3-ethanamide

26.3

342

70hr

80%

dihydroisoindol — l-one-3
(N-methyl)ethanamide

24.5

294

lOhr

82%

dihydroisoindol — l-one-3
(N,N-dimethyl)ethanamide

22.9

252.3

lOhr

85%
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Successful reductions of this type [203] by
diborane, generated In situ by the addition of sodium
borohydride solution to boron trifluoride, were also
reported for indole amide derivatives, where other
reducing agents, e.g. lithium aluminium hydride were
ineffective.

This is indicated by the following

examples:
(1)

1-alkylindole-3-glyoxamide was reduced to
1-alkyltryptamine by diborane generated
internally.

Attempts to reduce it by

diborane solution, by diborane generated
externally or by lithium aluminium hydride
were unsuccessful.
(2)

internally generated diborane reduced 2,3indolinedione (isatin) and 1-methyl-2-indolinone (1-methyl-oxindole) to indole and 3methyl-indole in 72 respectively 100% yield
[204].

Oxindole was reduced to indoline in

85% yield
(3)

[205].

N-methyltrif1uoroethanamide was reduced by
diborane generated in situ, using 11 moles
excess of the reducing agent, to give 44%
yield of the corresponding amine [189].

The examples quoted and our own results indicate
that both the course of the reaction and the yield are
affected by the order of addition.

This is contrary to
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Schenker's [206] general remarks that the precise order
of addition of the hydride does not appear to be
V.

important.
Because of the successful reduction of the hydroxyisoindol i none-ethanamides due to the catalytic effect of
boron trifluoride, we repeated our early reduction
experiment with isoindolinone-ethanamide.

The results,

tabulated in Table 23, showed a marked improvement (from
80-85%) in the yield of the amines.
The advantage of adding a solution of sodium borohydride/diglyme to a mixture of amide/diborane substrate
is as follows:
(a)

the amides (primary, secondary and tertiary
including the hydroxy-substituted-isoindolinone-ethanamides) are soluble in boron trifluoride/tetrahydrofuran.

(b) diborane can be generated slowly by the controlled addition of sodium borohydride.
(c) diborane is generated immediately on addition
of sodium borohydride.
The reverse addition (boron trifluoride to
NaBH-.BH 3 ) involves the formation of NaBH 4 .BH 3 adduct
with the initially formed B F 3 , and diborane is not
liberated until the addition of BFg.etherate proceeded
beyond this point as shown by the stoichiometric
equation on the following page:

- 103 -

7NaBH 4 + 4BF 3 :0Et 2

4NaBH 4 .BH 3 + 3NaBF 4 + 4Et 2 0

The induced cleavage of the carbonyl group by electron donation is of fundamental

importance in the reduc-

tion of acid amides with diborane.

Intermediates cor-

responding to (62j , discussed earlier, are formed during
reduction of many substituted carbonyl groups including
ketones and aldehydes.

Our experiments showed that the

order of addition of sodium borohydride to boron trifluoride (or vice versa) determines the yield obtained
and implies that reductive cleavage of the carbon-oxygen
double bond is catalysed by trace amounts of boron trifluoride and sodium borohydride.

Catalytic carbon-

oxygen fragmentation has been reported by Breuer [205]
and Biswas [203].

Although 4:he exact mechanism of the

reaction is unknown an intermediate, closely related to
( 6 ^ ) , was shown to be involved in many cases.

The exis-

tence of this catalytic effect explains the fact that
diborane generated externally is unreactive towards the
hydroxy substituted isoindolinone ethanamides.
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F. THE N.M.R. SPECTRA OF THE DIHYDROISOINDOLONE AND
DIHYDROISOTRYPTAMINE

DERIVATIVES

The N.M.R. spectra of these molecules are very
important in establishing and confirming their molecular
structures.

The types of structures involved in this

project are the dihydroisoindolones (_66) and the
dihydroisotryptamines (67).

7

^VC-C-R
(66) H / \

W* \

7) H»f
(67)

V*I

T

\ \.
HBH<

In addition to the couplings of the aromatic protons
the couplings of the alicyclic and aliphatic protons
show very interesting features.

This is mainly due to

the magnetic non-equivalence of the methylene protons.
The non-equivalence of methylene protons can be caused
by restricted movement of the aliphatic side chain.
Silverstein [208] also noted that methylene protons can
be rendered magnetically non-equivalent by an asymmetric
centre, even up to seven bonds away.
(A) The Protons: Hft, H& and Hp in Structure (66).
The protons Hft and Hg in the side chain of the
molecule are magnetically non-equivalent due to
their restricted mobility in relation to proton H f
of the asymmetric C-3 centre.

This makes J« r

(= 5.8Hz) different from J"BC (= 8.3Hz) and the
chemical shift of the doublet of doublet of H r will

-
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appear around 5 ppm.

Protons H. and Hg will also

have a geminal coupling constant, J.„ [- 15Hz); the
respective doublets of doublets possess chemical
shifts of around 2.8 ppm (H.) and 2.4 ppm (Hg).

The Methylene Protons between the Aromatic Ring
and the Nitrogen Atom in Structure (67)
Protons H Q and H E , which were formed by
reduction of the lactam carbonyl, are also magnetically non-equivalent and belong to the intermediat
AB type protons.

It consists of two doublets.

The

intensities of the peaks are not equal and they
appear as an unequal quartet symmetric about the
midpoint of the spectrum [209]. in the case of
isotryptamine the chemical shift of this unequal
quartet centres around 4.6 ppm with a coupling
constant of about 14.6Hz for the doublet.

The non-

equivalence of protons H. and Hp, and protons H D
and Hr has been supported by Fitzgerald [210] and
Hamlow [211] who have shown that the axial and
equatorial protons of quinolizidines have different
chemical shifts.

Similarly, Johns et. al. [212]

noted that the C-9 protons of crytopleurine and
cryptopleuridine are non-equivalent and possess a
coupling constant of about 16Hz.

This was confirme

also for the tylophora alkaloids [213] and for
8-hydroxyisoquinolines [214].

-
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The Methylene Protons Next to the Nitrogen Atom
in the Side Chain.
As the methylene protons H c and H are next
F
G
to the magnetically non-equivalent protons H. and
Hg, the signals appear considerably broader than
they would be expected.

This is due to long range.

coupling - including unresolved long range coupling
Even the benzylic proton H~ and the benzylic methylene group (HD and H^) play a complicating role
which could not be interpreted in detail.

The

complex broad multiplets of H Q and H^ are centred
at about 2.5

and 2.4

ppm respectively, while

those of H F and H p are centred at lower fields,
about 3.3 and 3.2 ppm, respectively.

The Aromatic Protons
The aromatic regions of the N.M.R. spectra of
the unsubstituted di hydroi soindol one (6_6_) and dihydroisotryptamine nuclei (6_7_) show vicinal A 2 B 2 splitting
patterns.

The peaks are generally located within

the region of 7.8 - 7.4 ppm.

Often the pattern of

these peaks are very complicated but the number of
protons can readily be established by integration.
The proton on C-7 of dihydroisoindolone molecule
is the most deshielded one due to proximity of the
lactam carbonyl group.

In general, it shows the

expected ortho coupling with C-6, meta coupling
with C-5 and a small para coupling with C-4.

The

difference between the chemical shifts of the two
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protons can readily be explained by the fact that,
due to the C-7*s vicinity of the carbonyl group,
the proton on C-7 is located downfield compared
with the proton on C-4.
The C-5 proton shows ortho-couplings
with protons on C-4 and C-6 while the C-6 proton
shows ortho couplings with protons on C-5 and C-7.
There is an additional meta couplings in each case
with the protons on C-7 and C-4 respectively.
The splitting pattern, of course, varies in
case of the hydroxy substituted compounds.

If

substitution is in the 5- or 6- position of the
ring system the aromatic pattern is of the ABX type
in both cases of the dihydroisoindolone and dihydro
isotryptamine derivatives.

The main difference is

manifested by the chemical shift of the proton in
the vicinity of the carbonyl substituent.

There

was no opportunity to explore the consequences of
the ABC type pattern which would have been produced
by 4- or 7-hydroxy substitution.
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GENERAL

Melting points are uncorrected and were determined on
an e l e c t r i c a l l y heated Reichert melting point apparatus.

Silica used for preparative chromatography was "Merck
Kieselgel

C o . nach S t a h l " .

Combined organic phases from extractions were dried
with a n h y d r o u s m a g n e s i u m sulphate unless otherwise
specified.

Nuclear magnetic resonance spectra were recorded on a
P e r k i n - E l m e r R - 2 4 , 60MHz

instrument, using tetramethyl-

silane as an internal r e f e r e n c e .

Abbreviations used to

d e s c r i b e the n . m . r . spectra are: s_: singlet; ck doublet;
£ : q u a r t e t and m: m u l t i p l e t .

M i c r o a n a l y s e s were carried out by Amdel
Laboratory, Melbourne.

Microanalytical
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E X P E R I M E N T A L
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NITROSATION OF DIHYDROXYNAPHTHALENE
l-Nitroso-2,7-dihydroxynaphtha!ene [96]
2N. hydrochloric acid was added to a stirred ice
cold solution prepared from sodium nitrite (5.2g.,
75.0m.moles) in 40mL. of water and 2,7-dihydroxynaphthalene (10.Og., 62.5m.moles) in 62.5mL. of 2N sodium
hydroxide.

Nitrogen was bubbled through the solution

to prevent aerial oxidation.

The temperature of the

solution was maintained at 0°C during the addition
reaction (approximately two hours).

After completion

of the addition, stirring was continued for another
hour, then the mixture was filtered by suction and the
red paste produced was washed thoroughly with water to
remove any inorganic salts.

The yield of the crude

product a red paste, was quantitative after drying in a
rotary evaporator under reduced pressure.

The unstable

product was used immediately without further
purification.

1-Nitroso-2,6-dihydroxynaphthaiene [98]
2N. hydrochloric acid was added to a stirred ice
cold solution prepared from sodium nitrite (5.2g.,
75.0m.moles) in 40mL. of water and 2,6-dihydroxynaphthalene (10.Og., 62.5m.moles) in 62.5mL. of 2N sodium
hydroxide.

Nitrogen was bubbled through the solution

to prevent aerial oxidation.

The temperature of the

solution was maintained at 0°C during the addition
reaction (approximately two hours).

After completion of

the addition, stirring was continued for another hour,
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then the mixture was filtered by suction and the green
paste produced was washed thoroughly with water to
remove any inorganic salts.

The yield of the crude

product a red paste, was quantitative after drying in a
rotary evaporator under reduced pressure.

The unstable

product was used immediately without further purificati

1-Nitroso-2,8-dihydroxynaphthalene [100]
IN. hydrochloric acid was added to a stirred ice
cold solution prepared from sodium nitrite (5.2g.,
75.0m.moles) in 40mL. of water and 2,8-dihydroxynaphthalene (10.Og., 62.5m.moles) in 62.5mL. of 2N sodium
hydroxide.

Nitrogen was bubbled through the solution t

prevent aerial oxidation.

The temperature of the

solution was maintained below 0°C during the addition
reaction (approximately four hours).

After completion

of the addition, stirring was continued for another
hour, then the mixture was filtered by suction and the
brown paste produced was washed thoroughly with water
to remove any inorganic salts.

The yield of the crude

product a brown paste, was quantitative after drying in
a rotary evaporator under reduced pressure.

The

unstable product was used immediately without further
purification.
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PREPARATION OF CYANOALLOCINNAMIC ACID
2-cyanoallocinnamic acid
A 2N. sodium hydroxide solution was added dropwise
over a period of one hour to a cooled, (0°C) stirred
solution of l-nitroso-2-naphthol (10g., 69.5m.moles) an
4-toluenesulphonylchloride (15.8g., 85.3m.moles) in
150mL. of dry acetone.

The precipitate formed on

reaching pH.8 was filtered off and made alkaline with
20mL. of 2N sodium hydroxide solution and another 30mL.
of 40% sodium hydroxide was added slowly with stirring.
The strongly basic solution was brought to boil at 70°C
for five minutes.
Acidification of the cooled solution with 2N
hydrochloric acid produced 8.7g. of a crude brown
precipitate which was charcoaled and recrystallized
from hot water until a single spot appeared in the
silica t.l.c. eluted with CHC1 3 : MeOH(3:l).
white powder melted at 137°C.

The

(Lit [207] m.p. 137°C).

Yield : 7.3g., (66.0%).
Mass Spectrum:

^

174

(100%)

MH +

The N.M.R. Spectrum ( (CD3)20) showed signals at
^ 7.7 to 7.4 ppm (4H, m, c 3 , C 4 , C 5 and Cg-H).
= 7.2 ppm (IH, d, cj_s CH = CHC00H, J = 12Hz).
- 6.2 ppm (IH, d, cl§_ CH = CHC00H, J = 12Hz).
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4- Hydroxy-2-cyanoa11ocinnamic acid
A 2N. sodium hydroxide solution was added dropwise
over a period of one hour to a cooled (0°C), stirred
solution of 1-nitroso-2,7-dihydroxynaphthalene (5.0g.,
26.5m.mole) and 4-toluenesulphonyl chloride (12.8g.,
64.3m.mole) in 125mL. of an acetone/tetrahydrofuran
mixture.
After the addition was complete the homogeneous
mixture was made permanently alkaline with 30mL. of 40%
sodium hydroxide.

The organic phase was evaporated in

vacuo in a rotary evaporator.

The aqueous solution was

then warmed to 70°C and kept at that temperature for 5
minutes.

The resulting basic solution was allowed to

cool to room temperature and acidified.
The crude product which immediately separated out
was decolourised with charcoal and recrystal1ized
several times from hot water/methanol mixture.

The

analytical sample was crystallised from water and melted
at 180°C.
Yield:

2.3g.

(Found:
C

10H7N03:

(42.5%).

C, 63.3;
C

'

63

-5;

Mass Spectrum: m

H, 3.9;
H

»

3

'7;

N, 7.5%.
N

'

7

'4;

Calculated for
°»

25

190

(100%)

MH

172

( 50%)

MH + -H 2 0

- 4 % )•
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The N.M.R. Spectrum ((CD3)20) showed signals at
= 7.7 ppm (IH, d, C6-H, J - 9Hz).
^ 7.1 ppm (IH, s_, C3-H^ shows no m-coupling with C5~H).
* 7.1 ppm (IH, d, C5-H, obscured).
- 7.0 ppm (IH, d, ci_s_ CH=CHC00H, J - 12Hz).
- 6.1 ppm (IH, d, cvs_ CH = CHC00H, 0 - 12Hz).
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5-Hydroxy-2-cyanoanocinnamic acid
A 2N. sodium hydroxide solution was added dropwise
over a period of one hour to a cooled (0°C) stirred solution of 1-nitroso-2,6-dihydroxynaphthalene (11. Og., 58.2
m.mole) and 4-toluenesulphonyl chloride (24.3g., 128m.
mole) in 250mL. of an acetone/tetrahydrofuran mixture.
After the addition was complete the homogenous mixture was made permanently alkaline with 30mL. of 40%
sodium hydroxide.

The organic phase was evaporated in

vacuo in a rotary evaporator.

The aqueous solution was

then warmed to 70°C and kept at that temperature for 5
minutes.

The resulting basic solution was allowed to

cool to room temperature and acidified.
The crude product which immediately separated out
was decolourised with charcoal and recrystal1ized several
times from hot water/methanol to yield 0.8g. (7.3%) of a
white powder of melting point 176°C.
(Found:
C

10H7N03:

C, 63.2;
C

'

63

Mass Spectrum:

-5;
j

H, 3.8;

N, 7.2%.

H, 3.7;

Calculated for

N, 7.4% ).

190

(100%)

MH +

172

( 44%)

MH + -H 2 0

The N.M.R. Spectrum ((CD 3 ) 2 0) showed signals at
* 7.7 ppm (IH, d, C 3 -H, J - 9Hz).
- 7.0 ppm (IH, d, cj_s_ CH = CHC00H, J - 12Hz).
* 7.1 ppm (IH, d, C 4 -H, obscured).
- 7.2 ppm (IH, s_, Cg-H s shows no m-coupling with C 4 ~H)
- 6.1 ppm (IH, d, cij. CH=CHC00H, J = 12Hz).
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PREPARATION OF DIHYDROISOINDOLONE

ETHANOIC ACID

Dihydroisoindol -w 1-one-3-ethanoic acid
2-Cyanoallocinnamic acid (7.0g., 40.5m.mole) was
refluxed for two and a half hours in 49mL. of 2N. sodium
hydroxide. Acidification with 2N. hydrochloric acid and
cooling to room temperature followed by standing overnight at 0°C gave the cyclized compound dihydroisoindol1-one-3-ethanoic acid. The crude yellow product was
decolourized with charcoal and recrystal1ized from water
to yield 6.9g. (89.0%) of the dihydroisoindol— l-one-3ethanoic acid as a white powder of melting point
180-182°C. (Lit: [207] m.p. 182°C).

Mass Spectrum

m
e

192 (100%)

MH

The N.M.R. Spectrum (CD 3 ~0D) showed signals at
7.79 ppm (IH, d of d, Cy-H, Jg/7 = 7.5Hz
J5/7 = 1.1Hz)
7.76 to 7.45 ppm (3H, m, C4, C^, Cg-H).
-5.0 ppm (IH, d of d., C3~H, obscured).
2.95 ppm (IH, d of d, HCH-C00H, J A R = 16.7Hz
'AC

5.1Hz)

2.58 ppm (IH, d of d, HCH-C00H, J A R = 16.7Hz.
JBC = 8.4Hz)
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5-Hydroxydihydroisoindol —

1-one-3-ethanoic acid

5-Hydroxy-2-cyanoal1ocinnamic acid (8.0g.,
42.3m.mole) was refluxed for five hours in 128.OmL. of
IN. sodium hydroxide.

On acidification with 2N. hydro-

chloric acid, the crude acid precipitated

immediately,

which was recrystal1ized from water to yield 3.8g.,
(47.1%) of acid as a white powder of melting point 246°C.

(Found: C, 57.8; H, 4.3; N, 6.6%. Calculated for
C

10H9N04:

C

'

58

-0;

H

>

4

'3;

N

>

6

'8;

°» ^-3%

)•

Mass Spectra: | 208 (100%) MH+
190

( 40.3%)

MH + -H 2 0

The N.M.R. Spectrum (CD^-0D) showed signals at
7.59 ppm (IH, d, C 7 -H, J 6 / 7 = 8.4Hz).
6.96 ppm (IH, d, C 4 -H, J 4 / 6 = 2.2Hz).
6.90 ppm (IH, d of d, C 6 -H, J 6 / 7 = 8.4Hz.
J 4 / 6 = 2.2Hz).
-4.9 ppm

(IH, d of d_, obscured, C 3 - H ) .

2.86 ppm (IH, d of d9 HCH-C00H, J A B *= 16.7Hz.
J A C = 5.4Hz).
2.57 ppm

(IH, d of d, HCH-COOH, J A B = 16.7Hz.
J

BC

=
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6-Hydroxydihydroisoindol— 1-one-3-ethanoic acid
4-Hydroxy-2-cyanoallocinnamic acid (8.0g.,
42.3m.mole) dissolved in 74.0mL. of sodium hydroxide (2N.)
was cyclized by the method described for that of
dihydroisoindol —1-one-3-ethanoic acid.

The crude

product was crystallized from aqueous methanol/water
(1:1) (charcoal) to yield the required product 5.7g.,
(71.3%) which melted at 250-253°C.

(Found: C, 58.0; H, 4.4; N, 6.6%. Calculated for
C

10H9N04:

C

'

58

Mass spectrum:

-0;

^

H

>

4

-3;

N

>

6

-8;

°» 31.3%).

208

(100%)

MH

190

(14.3%)

MH + -H 2 0

The N.M.R. Spectrum (CDo0D) showed sinnals at
7.40 ppm (IH, d, C 4 ~H, J 4 / 5 = 8.3Hz).
7.13 ppm (IH, d, Cy-H-, J 5 / ? = 2.4Hz).
7.03 ppm (IH, d of d, C5~H, J 4 / 5 = 8.3Hz.
J 5 / 7 = 2.4Hz).
= 4.9

ppm (IH, d of d, C3~H, obscured).

2.84 ppm (IH, d of d, BCH-C00H, J AB = 16.5Hz
J AC = 5.4Hz)
2.52 ppm (IH, d of d, HCH-C00H, J AB = 16.5Hz
J BC = 8.2Hz)
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PREPARATION OF PRIMARY AMIDES
Dihydroisoindol -• 1-one-3-ethanamide
Dihydroisoindol — 1-one-3-ethanoic acid (6.0g.,
31.4m.mole) and urea (2.8g., 47.1m.mole) were mixed in
a flask fitted with an air-condenser and heated in an
oil bath at 170-180°C for three hours.

The temperature

was then raised to 200°C for fifteen minutes to complete
The cooled melt was dis-

the formation of the amide.

solved in water and allowed to crystallize overnight.
The brown precipitate was collected and washed several
times with cold sodium bicarbonate solution to remove
any unreacted starting material.

The crude dihydroiso-

i n d o l — l-one-3-ethanamide was purified by charcoaling
followed by recrystal1ization from water (to remove urea
and decarboxylated materials) to yield 3.6g. (60.0%) of
the dihydroisoindol— 1-one-3-ethanamide of melting
point 218°C.

(Found: C, 63.1; H, 5.4; N, 15.0%. Calculated for
C

10H10N2°2:

C

'

63

' 2 •' H ' 5'3*'

N

'

U : 7 ;

°'

16

-8%)'

Mass spectrum: f 191 (100%) MH+
173

(

2.5%)

MH + -H 2 0
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e N.M.R. Spectrum (CD30D
7.77ppm (IH, d of d,

showed signals at
7-H,

J6/7 = 7.6Hz,

J5/7 = 1.1Hz).
7.63 ppm and 7.57 ppm

(2H, m, C5 and Cg-H).

7.50 ppm (IH, d of d,

C4-H, J4/5 = 7.6Hz,
J4/6 = 1.8Hz).

5.02 ppm (IH, d of d_,

Co~H, dnp

=

8.3Hz,

JAC = 5.8Hz).
2.77 ppm (IH, d of d,

HCH-C(0)-N, JAB = 15.1Hz,
JAC = 5.8Hz).

2.52 ppm (IH, d of d,

HCH-C(0)-N, JAB = 15.1Hz,
J = 8.3Hz).
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5-Hydroxydihydroisoindol — 1-one-3-ethanamide
A mixture of 5-hydroxydihydroisoindol — l-one-3ethanoic acid (5.0g., 24.2m.mole) and urea (2.9g.,
48.3m.mole) were heated with occasional stirring at
160°C for one hour, i.e. until cessation of foaming.
Heating continued for another two hours at 190°C. The
melt was finally heated to 200°C for another fifteen
minutes to complete the reaction. The brown melt was
dissolved in water, the precipitated 5-hydroxydihydroisoindol — l-one-3-ethanamide collected and washed with
aqueous sodium bicarbonate to remove unreacted material.
The crude 5-hydroxydihydroisoindol — 1-one-3-ethanamide
was decolourised with charcoal and recrystallised from
water to remove urea and decarboxylated material. The
yield of the pure 5-hydroxydihydroisoindol — l-one-3ethanamide, a white powder, was 5.5g., (55.6%), m.p.
238-239°C.

(Found: C, 58.2; H, 4.9; N, 13.8%. Calculated for
C

10H10N2°3: C'

58 3; H

-

> 4-9; N> 13-6^ °> 23.3%).

Mass Spectrum: ^ 207 (100%) MH+
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The N.M.R. Spectrum (CD3OD) showed signals at
7.57 ppm (IH, d, C?-H, J6/7 = 8.4Hz).
6.96 ppm (IH, d, C4>H, J4/6 = 2.2Hz).
6.90 ppm (IH, d of d, Cg-H, Jg/7 = 8.4Hz.
J

=4.9

4/6

= 2

- 2 H z ^-

ppm (IH, d of d, Cg-H, obscured).

2.70 ppm (IH, d of d, .H6H-C(0)-N,JAB= 15.0Hz.
J AC =

5.9Hz).

2.44 ppm (IH, d of d, HCH-C(0)-N,JAB= 15.0Hz.
Jn =

8.3Hz).
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6-Hydroxydihydroisoindol —

1-one-3-ethanamide

A mixture of 6-hydroxydihydroisoindol — l-one-3ethanoic acid (10.Og., 48.3m.mole) and urea (5.8g.,
96.6m.mole) were heated with occasional stirring at
160°C for one hour, i.e. until cessation of foaming.
Heating continued for another two hours at 190°C. The
melt was finally heated to 200°C for another fifteen
minutes to complete the reaction. The brown melt was
dissolved in water, the precipitated 6-hydroxydihydroisoindol — 1-one-3-ethanamide collected and washed with
aqueous sodium bicarbonate to remove unreacted material.
The crude 6-hydroxydihydroisoindol— 1-one-3-ethanamide
was decolourised with charcoal and recrystallized from
water to remove urea and decarboxylated material. The
yield of the pure 6-hydroxydihydroisoindol — l-one-3ethanamide, a white powder, was 2.7g., (46.0%), m.p.
225-226°C.

(Found: C, 58.5; H, 4.7; N, 13.8%. Calculated for
C

10H10N2°3: C>

58,3; H

' 4'9; N'

207
MH+
Mass(100%)
spectrum
191 (14.3%) MH+-NH2

189 C 6.5%) MH+-H20

m
e

13 6;

'

°> 23-3%)-
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The N.M.R. Spectrum (CDgOD) showed signals at
7.38 ppm (IH, d, C4-H, J4/5 = 8.3Hz).
7.13 ppm (IH, d, C7-H, J5/? = 2.3Hz).
7.04 ppm (IH, d of d, Cg-H, J4/5 = 8.3Hz.
J 5 / 7 = 2.3Hz).
~4.9 ppm (IH, d_ of d, C3-H, obscured).
2.70 ppm (IH, d of d, HCH-C(0)-N,JAB=.15.0Hz.
J AC =

5.9Hz).

2.48 ppm (IH, d of d, HGH-C(0)-N,JAB= 15.0Hz.
JD„=

8.3Hz).
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Attempted Primary Amide Preparation
(a)

Dry ammonia gas was passed into a solution of
dihydroisoindol-^- 1 -one-3-ethanoic acid (l.Og.,
5.2m.mole) in 37mL. of tetrahydrofuran containing
o_-ni trophenyl thiocyanate (1.9g., 10.5m.»ole) and
freshly distilled tri-jv-butylphosphine (2.6mL.,
5.0m.mole) for half an hour.

After 12 hours of

agitation at room temperature, the solvent removed
in vacuo and the residue chromatographed on a
silica gel column with a non-polar solvent benzene
followed by hexan-ether (1:1).

The separated

fractions were found to contain no amide.
(b)

Di hydroisoindol-r— 1-one-3-ethanoic acid (0.5g.,
2.6m.mole) was added to a cooled solution of
5.0mL. thionyl chloride.

The mixture, protected

from moisture, was refluxed gently for one and a
half hours.

The by-product, hydrochloric acid,

that was formed was removed from the reaction mixture by suction.

Excess thionyl chloride and

tetrahydrofuran were removed In vacuo at the end
of the reaction time.

Ammonia gas was bubbled

into the crude products dissolved in benzene until
complete precipitation.

Examination of the white

precipitate by mass spectrometry, after washing it
several times with cold water, was found to con-.
tain 5% of isoindolin-1-one-3-ethanamide and
i s o i n d o 1 i n o n e.
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(c)

Dihydroisoindol— 1-one-3-ethanoic acid (0.5g.,
2.6m.mole) was added to a cooled solution of 2.5mL.
tetrahydrofuran and 1.5mL. oxalylchloride.

The

work-up and reaction conditions are similar to (b).
The precipitate was recrystallized from water to
yield 3% of dihydroisoindol —

1-one-3-ethanamide.
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E. PREPARATION OF SECONDARY AMIDES
Dihydroisoindol — 1-one-3-(N-methyl)ethanamide
Dihydroisoindol — l-one-3-ethanoic acid (10.Og.,
52.4m.mole) and excess 1 ,3-dimethylurea (13.8g.,
157.1m.mole) were mixed in a flask fitted with an aircondenser and heated in an oil bath at 170-180°C for
two hours.

The temperature was then raised to 200°C

for fifteen minutes to complete the formation of the
dihydroisoindol— 1-one-3-(N-methyl)ethanamide which was
purified by charcoaling followed by recrystallization
from water (to remove urea and decarboxylated materials)
to yield 4.3g., (40.0%) of the dihydroisoindol- 1-one3-(N-methyl)ethanamide of melting point 190°C.

(Found: C, 64.7; H, 5.9; N, 13.7%. Calculated for
C

11H12N2°2:

C

'

+
(100%)Mass
- MHspectrum:

64

'7;

m
e

H

'

205

5-9;

N

*

13,7

°*

15

-7%)-
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N.M.R. Spectrum (CD-OD) showed signals at
7.76 ppm (IH, d of d, C ? -H, J 6 / 7 = 7.4Hz.
J

5/7

=

T"1"2)

7.7 to 7.5 ppm (2H, m, C5, Cg-H).
7.48 ppm (IH, d of d, C4~H, d"4/5 = 7.0Hz.
J 4 / 6 = 1.1Hz)
5.01 ppm (IH, d of d, C3~H, JBC = 8.3Hz.
J AC

= 5.8Hz)

2.77 ppm (3H, s_, -N-CH3)
2.72 ppm (IH, d of d, HCH-C(6)-N, J AB = 14.6Hz
J AC =

5.8Hz)

2.47 ppm (IH, d of d, HCH-C(0)-N, J AR = 14.6Hz.
AB
J
= 8.3Hz)
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6-Hydroxydihydroisoindol-1-one-3-(N-methyl )ethanamide
6-Hydroxydihydroi soindol-l-one-3-ethanoic acid
(6.0g., 29.0m.mole) and 1 ,3-dimethylurea (7.7g., 87.0m.
mole) were mixed in a flask fitted with an air-condenser
and heated in an oil bath at 170-190°C for three hours.
The temperature was then raised to 200°C for fifteen
minutes to complete the formation of the amide.

The

cooled melt was dissolved in water and allowed to
crystallize overnight.

The brown precipitate was

collected and washed several times with cold sodium
bicarbonate solution to remove an unreacted starting
material.

The crude 6-hydroxydihydroisoindol-1-one-3-

(N-methyl)ethanamide was purified by charcoaling
followed by recrystal1ization from water (to remove
urea and decarboxylated materials) to yield 2.6g.,
(39.0%) of the 6-hydroxydihydroisoindol-l-one-3-(Nmethyl)ethanamide of melting point 223-226°C.

(Found: C, 59.7; H, 5.4; N, 12.7%. Calculated for
C

11H12N2°3:

C

'

Mass spectrum:

60

-°;

1
e

H

'

5

'5;

N

'

12

'7;

°'

21

-8%)*

221

(100%)

MH

205

C 10.5%)

MH + -CH 3 -H +
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The N.M.R. Spectrum (CD30D) showed signals at
7.32 ppm (IH, d, C4~H, J4/5 = 8.3Hz).
7.13 ppm (IH, d, C7-H, J5/7 = 2.4Hz).
7.03 ppm (IH, d of d, Cg-H, J4/5 = 8.3Hz.
J

=4.9

5/7 = 2 - 4 H z ) '

ppm (IH, d of d, Cg-H, obscured).

2.77 ppm (3H, s_, -N-CH3)
2.64 ppm (IH, d of d, HCH -C(0)-N-, JftB = 14.6Hz
J AC = 6.0Hz)
2.42 ppm (IH, d of d, HCH -C(0)-N-, J AB = 14.6Hz
J BC = 8.3Hz)
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PREPARATION OF TERTIARY AMIDES
Dihydroisoindol —

1 -one-3- (N ,N-dimeth.yl )ethanamide

A mixture of dihydroisoindol — 1-one-3-ethanoic
acid (10.Og., 52.4m.mole) and 1 ,1-dimethyl urea (4.6g.,
52.4m.mole) were heated with occasional stirring at
170-190°C until for one and a half hours, i.e. until
cessation of foaming.
hour at 190°C.

Heating continued for another

The melt was finally heated to 200°C

for another fifteen minutes to complete the reaction.
The brown melt was dissolved in water, the precipitated
dihydroisoindol —

1-one-3-(N,N-dimethyl)ethanamide

collected and washed with aqueous sodium bicarbonate to
remove unreacted material.

The crude tertiary amide

was decolourised with charcoal and recrystal1ized from
water to remove urea and decarboxylated material.

The

yield of the pure dihydroisoindol— 1-one-3-(N,Ndimethyl)ethanamide, a white powder, was 4.5g., (42.0%),
m.p.

103°C.

(Found: C, 66.3; H, 6.4; N, 12.5%. Calculated for
C

12H14N2°2:

C

'

66

'0;

Hs

6

'5'

Mass Spectrum: | 219 (100%) MH+

N

' !2'8;

°» I 4 - 7 ?')-
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e N.M.R. Spectrum (CD-OD) showed signals at
7.77 ppm (IH, d of d, C ? -H, J 6 / 7 = 7.4Hz.
J

7

= 1.1Hz).

7.6 to 7.5 ppm (2H, m, C5, Cg-H).
7.49 ppm (IH, d of d, C4~H, J4/5 = 7.0Hz.
J 4 / 6 = 1.1Hz).
5.04 ppm (IH, d of d, C3-H, JBC = 8.9Hz.
J AC

= 4.8Hz).

3.06 ppm (IH, d of d, HCH-C0-N-, JAB = 16.3Hz.
J AC =

4.8Hz)

3.00 ppm (3H, s_, -N-CH^3)
2.99 ppm (3H, s_, N-CH3).
2.62 ppm (IH, d of d, HCH-C0-N-, J AB = 16.3Hz
AB
J
= 8.9Hz)
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6-Hydroxydihydroisoindol-l-one-3-(N,N-dime thy!)
ethanamide
A mixture of 6-hydroxydihydroisoindol-1-one-3ethanoic acid (5.0g., 24.1m.mole) and 1,1-dimethyl urea
(4.25g., 48.3m.mole) were heated with occasional
stirring at 160°C

for one hourA

sation of foaming.
hours at 180°C.

i.e. until ces-

Heating continued for another two

The melt was finally heated to 200°C

for another fifteen minutes to complete the reaction.
The brown melt was dissolved in water, the precipitated
6-hydroxydi hydr oisoindol-1-one-3-(N,N-dimethyl)ethanamide collected and washed with aqueous sodium bicarbonate to remove u nreacted material.

The crude 6-hydroxy-

di hydroi soi ndol -1-one-3-(N,N-dimethyl)ethanamide was
decolourised wi th charcoal and recrystal1ized from
water to remove urea and decarboxylated material.

The

yield of the pu re 6-hydroxydihydroisoindol-l-one-3-(N,
N-dimethyl)etha namide, a white powder, was 2.4g., (42.0%)
m.p. 94.2°C.

(Found : C , 61. 7;
C12H14N203:

Mass Spectrum

H, 5.8;

C, 61.5;

m

235

N, 12.3%.

H, 6.0;

(100%)

Calculated for

N, 12.0;

MH'

0, 20.5%).
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The N.M.R. Spectrum (CDgOD) showed signals at
7.40 ppm (IH, d, C4~H, J4/5 = 8.2Hz).
7.15 ppm (IH, d, Cy-H, J5/? = 2.3Hz).
7.05 ppm (IH, d of d, Cg-H, J4/5 = 8.2Hz.
J 5 / 7 = 2.3Hz).
4.93 ppm (IH, d of d, C3-H, JBC = 9.0Hz.
J AC = 4.6Hz).
= 3.0 ppm (IH, d of d, HCHJ-C(0)-, obscured).
3.00 ppm (3H, s_, -N-CH3).
2.98 ppm (3H, s_, -N-CH3).
2.55 ppm (IH, d of d, HCH-C(O)-, JAB = 16.5Hz.
J Dr =

9.0Hz).
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REDUCTION OF AMIDES TO AMINES
Dihydroi sotryptami ne
Dihydroisoindol— 1-one-3-ethanamide (2.8g., 14.7
m.mole) dissolved in freshly distilled boron trifluoride
/tetrahydrofuran (34.7mL./IOOmL.) was placed in a carefully dried three-neck flask equipped with magnetic
stirrer and equalizing separating funnel.

The system

was flushed with dry nitrogen, then sodium borohydride
(5.7g., 149.0m.mole) suspended in 75.0mL. of diglyme was
added dropwise through a separating funnel over a period
of 24 hours at room temperature to the above solution.
The clear yellow reaction mixture was stirred at 30°C
for another 3 days to complete the concurrent reduction
of both the amide and lactam groupings.

The excess

diborane were destroyed by a slow addition of ethanol
and the whole soluti on was evaporated i_n_ vacuo below
30°C.
The amine-boran e complex was hydrolysed by standing
overnight in 30mL. o f 0.5 N methanolic hydrochloric acid
Any borate salts tha t crystallized on standing were
separated and the fi ltrate was evaporated to dryness i_n
vacuo.
methane.

The unreacte d amide was extracted in dichloroThe free a mine was obtained by repeatedly

extracting the basic aqueous layer with chloroform.

The

combined organic pha se was dried, filtered and concentrated under nitroge n atmosphere to obtain the free
amine as a viscous o il.

The crude amine was chromato-

graphed through a si lica column.

Elution with methanol/
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chloroform/ammonium hydroxide (2/3/6), gave 1.69g.,
(70.7%) of dihydroisotryptamine.
The amine hydrochloride was obtained by passing
dry hydrochloric acid gas into an ethanolic solution
of the base for fifteen minutes and replacing the
alcohol with either tetrahydrofuran or ethyl acetate.
On standing, the amine hydrochloride precipitated as
white crystals of melting point 264-266°C.
(Found: C, 51.0; H, 6.7; N, 12.0; Cl , 29.0%.
Calculated for C, QH16N2C12: C, 51.1; H, 6.9; N, 11
Cl, 30.2%).
The hygroscopic tartaric acid salt (mp. 132°C) of the
amine was prepared by refluxing the amine and the aci
in methanol (dry) for 10 minutes. The precipitated
white salt was filtered and washed with acetone.
Mass Spectrum for the amine ^ 163 (100%) MH+
The N.M.R. Spectrum (CD30D) showed signals at
7.47 ppm (4H, s_, C4, C5, Cg, C7~H).
5.12 ppm (IH, d of d, Cj-H, JBC = 8.7Hz.
J

AC

=

4.1Wz).

4.7 ppm (IH, d, C3-H, JDE * 14Hz).
4.6 ppm (IH, d, C3-H, JQ£ - MHz).
=3.3 ppm (IH, broad m, HCH-NH2).
=3.2 ppm (IH, broad m, HCH-NH2).
=2.5 ppm (IH, broad m, HCH-CH2NH2).
=2.4 ppm (IH, broad m, HCH-CH2NH2).
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5-Hydroxydihydroisotr.ybfamine
6-Hydroxydihydroisoindol — 1-one-3-ethanamide
(3.0g., 14.5m.mole) dissolved in freshly distilled boron
trifluoride/tetrahydrofuran (34.7mL./lOOmL.) was placed
in a carefully dried three-neck flask equipped with
magnetic stirrer and equalizing separating funnel.

The

system was flushed with dry nitrogen, then sodium borohydride (5.7g., 149.0m.mole) suspended in 75.0mL. of
diglyme was added dropwise through a separating funnel
over a period of 24 hours at room temperature to the
above solution.

The clear yellow reaction mixture was

stirred at 30°C for another 3 days to complete the concurrent reduction of both the amide and lactam groupings.

The excess diborane were destroyed by a slow

addition of ethanol and the whole solution was evaporated iji vacuo below 30°C.
The amine-borane complex was hydrolysed by standing
overnight in 30mL. of 0.5 N methanolic hydrochloric acid
Any borate salts that crystallized on standing were
separated and the filtrate acidified with 1 N hydrochloric acid.

The unreacted amide was extracted into

dichloromethane.
A mixture of amine

and inorganic salts was

obtained after the aqueous phase was evaporated off in
vacuo.

The amine was obtained by repeatedly washing

the precipitate with dry ethanol.

The combined organic

phase was concentrated under nitrogen to obtain the free
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amine as a viscous oil.

The crude amine was chromato-

graphed through a silica column. Elution with methanol/
chloroform/ammonium hydroxide (2/3/6), gave 1.4g., (55%)
of dihydroisotryptamine.
(Found: C, 67.3; H, 7.7; N, 15.5%. Calculated for
C

10H14N20: C'

67,4; H

Mass Spectrum:

' 7-9; N'

m
^

15 7;

*

179

°' 9-0%)'

(100%)

MH

The N.M.R. Spectrum (CD30D) showed signals at
7.24 ppm (IH, .d, Cy-H, Jg/7 = 13.2Hz).
6.83 ppm (IH, £, C.-H)
6.82 ppm (IH,. unresolved

d, Cg-H, Jg/7^ 13Hz)

=5.0 ppm (IH, d of d, C-j-H obscured).
= 4.6 ppm (IH, d, C3-H, JDE - 12Hz).
= 4.5 ppm (IH, d, C3-H, JD£ - 12Hz).
* 3.4 ppm (IH, broad m, HCH-NH2).
e 3.2 ppm (IH, broad m, HCH-NH2).
* 2.4 ppm (IH, broad m, HCH-CH2NH2).
= 2.3

ppm (IH, broad m, HCH-CH2NH2)
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6-Hydroxydihydroisotrypfamine
5-Hydroxydihydroisoindol —

1-one-3-ethanami de

(2.8g., 14.7m.mole) dissolved in freshly distilled
boron trif1uoride/tetrahydrofuran (34.7mL./lOOmL.) was
placed in a carefully dried three-neck flask equipped
with magnetic stirrer and equalizing separating funnel.
The system was flushed with dry nitrogen, then sodium
borohydride (5.7g., 149.0m.mole) suspended in 75.0mL.
of diglyme was added dropwise through a separating
funnel over a period of 24 hours at room temperature
to the above solution.

The clear yellow reaction mix-

ture was stirred at 30°C for another 3 days to complete
the concurrent reduction of both the amide and lactam
groupings.

The excess diborane were destroyed by a

slow addition of ethanol and the whole solution was
evaporated In vacuo below 30°C.
The amine-borane complex was hydrolysed by standing
overnight in 30mL. of 0.5 N methanolic hydrocbloric acid
Any borate salts that crystallized on standing were
separated and the filtrate acidified with 1 N hydrochloric acid.

The unreacted amide was extracted into

dichloromethane.
A mixture of amine and inorganic salts was
obtained after the aqueous phase was evaporated off in
vacuo.

The amine was obtained by repeatedly washing

the precipitate with dry ethanol.

The combined organic

phase was concentrated under nitrogen to obtain the free
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amine as a viscous oil.

The crude amine was chromato-

graphed through a silica column.

Elution with methanol/

chloroform/ammonium hydroxide (2/3/6),

gave 1.69g.,

(70.7%) of dihydroisotryptamine.

(Found:
C

C, 67.0; H, 7.9; N, 15.9%.

10H14N20:

C

'

Mass Spectrum:

67

'4;

^

H

'

179

7,9;

N

'

15

Calculated for

' 7 ; °»

(100%)

9 0%

' ^'

MH +

The N.M.R. Spectrum (CD30D) showed signals at
= 7.3 ppm (IH, d, C4-H, J 4 / 5 = 6.8Hz).
= 6.8 ppm (IH, s_, Cy-H).
= 6.8 ppm (IH, unresolved d_, Cg-H, ^4/5 ~ '^z)
- 5.0 ppm (IH, d of d, C-j-H, obscured).
= 4.6 ppm (IH, d, C3-H, JDE - 12Hz).
= 4.5 ppm (IH, d, C3-H, JDE = 12Hz).
= 3.6 ppm (IH, broad m, HCH-NH2).
= 3.4 ppm (IH, broad m, HCH-NH2).
= 2.5 ppm (IH, broad m, HCH-CH2NH2).
= 2.3

ppm (IH, broad m, HCH_-CH2NH2)
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Unsuccessful Amide Reduction
(a)

Raney-Nickel
Isoindolin-l-one-3-ethanamide (0.5g., 2.6
m.mole) suspended in tetrahydrofuran (15mL.) was
hydrated over Raney-Nickel (O.lg.) in an autoclave
at 100°C 120 atms. of hydrogen for 3 hours.
Agitation continued for another 10 hours at room
temperature.

The catalyst was filtered off and

washed several times with methanol.

An oily pro-

duct was obtained after the combined filtrate was
evaporated off.

No amine was found (Mayers test),

but isoindolin-1-one-3-ethanoic acid and its
reduced aromatic ring product were detected.
(b) The experiment was repeated using dioxan as solvent in place of tetrahydrofuran.

No trace of

either the amine or the starting amide could be
found.
(c)

Copper Chromite
Isoindolin-1-one-3-ethanamide (0.5g.,) was
suspended in tetrahydrofuran (15mL.) was hydrogenated over CuCr0 4 (0.5g.) in an autoclave at 100°C,
120 atms. of hydrogen for 3 hours.

Agitation con-

tinued for another 10 hours at room temperature.
The catalyst was filtered off and washed several
times with methanol.

The product, a mixture of

starting material and its hydrolysed amide, the
acid, were detected.
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(d)

The experiment was repeated using the same solvent
but at 60°C and 120 atms. of hydrogen and only
agitated for 5 hours.

Similar by-products were

obtained as above.
(e)

Lithium Aluminium Hydride
To a stirred suspension of LiA1H^ (1.5g.) in
500mL. of dry ether was added dihydroisoindolin-1one-3-ethanoic acid (0.5g., 2.63m.mole) at such a
rate that the ether reflux gently.

Stirring con-

tinued at this temperature for 3 days.

The mixture

cooled and the excess hydride was decomposed by
dropwise addition of 1.5mL. of water, then 1.5mL.
sodium hydroxide (15%) followed by 5mL. of water.
The mixture stirred for another 20 min. and the
mixture filtered.
ether twice.

The precipitate washed with

The combined etheral solution dried

and evaporated and was found to contain dihydroisoindolin ethanoic acid and decarboxylated material.
(f) The above experiment was repeated but the amide
was contained in the soxhlet.
was tetrahydrofuran.

The solvent used

Reflux continued until all

the amide in the soxhlet was dissolved.
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Sodium borohydride/aluminium chloride reduction
Freshly purified aluminium chloride

(0.52g., 3.95

m.mole) dissolved in 30mL. of diglyme was added dropwise to a stirred mixture of dihydroisoindol — l - o n e - 3
ethanamide

(0.5g., 2.63m.mole) suspended in 1.0M solu-

tion of sodium borohydride

(0.44g., 11.8m.mole).

The

rate of addition was controlled at such rate that the
reaction temperature was maintained between 25-30°C.
After the addition of the aluminium chloride was complete, the reaction mixture was stirred for another 10
hours at 30°C, then acidified with 2N. hydrochloric ac
on cooling.
vacuo.

The acidified solution was evaporated i n

The residue was dissolved in 2N. sodium hydrox

ide and the alkaline solution extracted several times
with chloroform.

The combined chloroform was removed

and found to contain approximately 3% amine.
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PREPARATION OF SECONDARY AMINE
Dihydro-(N-methyl)isotryptamine
Sodium borohydride (1.8g., 47.4m.mole) suspended
in 35mL. of diglyme, was added dropwise from a pressure
equalizing funnel over a period of 24 hours to a
stirred solution of dihydroisoindol — 1-one-3-(N-methyl)
ethanamide (l.Og., 4.9m.mole)

dissolved in boron tri-

f 1 uoride/diglyme (10.OmL./35mL.).

The reaction mix-

ture was protected from atmospheric oxygen and moisture
and was further stirred for another 24 hours at a temperature not higher than 30°C.

At the end of this

reaction time, the excess diborane was hydrolysed by
methanol and the resulting solution was evaporated i n
vacuo below 30°C.

The residue was acidified with 2N.

hydrochloric acid and warmed at 30°C to cleave the
amine-borane complex.

Any unreacted amide was recovered

by extracting it into dichloromethane.
The aqueous phase was-basified with 2N. sodium
hydroxide and the water insoluble material was filtered
off.

A mixture of amine and inorganic residue was left

after the filtrate was acidified and evaporated in vacuo
The free amine was obtained by washing the precipitate
with dry ethanol several times.

The viscous oil was

then purified by preparative silica t.l.c.
chloroform/ammonium hydroxide; (2/3/2).

methanol/
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Yield: 0.5g. (58%).
(Found:
C

-

C, 75.3; H, 9.0; N, 15.9%.

11 H 16 N 2 :

C

'

75

-0;

Mass Spectrum: -

H

'

9

Calculated for

' 2 ; N» l 5 -9%).

177 (100%)

MH +

The N.M.R. Spectrum (DpO) showed signals at
= 7.5

to 7.4

ppm (4H, m, C 4 , C g , C g and C ? -H).

5.14 ppm (IH, d of d, C^H, JBQ = 7.8Hz.
J AC = 5.5Hz).
= 4.7 ppm (IH, d_, 03-H, partially obscured).
= 4.6 ppm (IH, d, C3-H, JDE = 14Hz).
= 3.3 ppm (IH, broad m, HCH-N-).
= 3.3 ppm (IH, broad m, HCH-N-).
2.77 ppm (3H, s_, NH(CH_3)).
= 2.5 ppm (IH, broad m, HCH-CH2N-).
= 2.4 ppm (IH, broad m, HCH-CH?N-).
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5-Hydroxy-(N-methyl)isotryptamine
Sodium borohydride

(1.7g., 43.5m.mole) suspended

in 35mL. of diglyme, was added dropwise from a pressure
equalizing funnel over a period of 24 hours to a stirred
solution of 6-hydroxydihydroisoindol — l-one-3-(N-methyl)
ethanamide

(l.Og., 4.5m.mole)

dissolved in boron tri-

f1uoride/diglyme (8.5mL., 30mL.).

The reaction mix-

ture was protected from atmospheric oxygen and moisture
and was further stirred for another 24 hours at a temperature not higher than 30°C.

At the end of this reac-

tion time, the excess diborane was hydrolysed by
methanol and the resulting solution was evaporated i n
vacuo below 30°C.

The residue was acidified with 2N.

hydrochloric acid and warmed at 30°C to cleave the
amine-borane complex.

Any unreacted amide was recovered

by extracting it into dichloromethane.
The aqueous phase was basified with 2N. sodium
hydroxide and the water insoluble material was filtered
off.

A mixture of amine and inorganic residue was left

after the filtrate was acidified and evaporated in vacuo.
The free amine was obtained by washing the precipitate
with dry ethanol several times.

The viscous oil was

then purified by preparative silica t.T.c. methanol/
chloroform/ammonium hydroxide; (2/3/2).
Yield:

0.7g.

(82%)

147

Found:
C

C, 68.4; H, 8.3,

11H16N20:

C

68

»

Mass Spectrum:

- 7 ' H»
~

193

8

N, 14.4,%.

' 4 ; N»

14

(100%)

Calculated for

* 6 ; °»

8

-3%)-

MH +

The N.M.R. Spectrum (CD30D) showed signals at
7.22 ppm
= 6.8

ppm

IH, d, C y -H, J 6 / 7 = 9.0Hz)
IH, d, C g -H, obscured)

6.81 ppm

IH, s, C 4 -H).

5.0

ppm

IH, d of 1, C,-H, obscured).

4.5

ppm

IH, d, C 3 -H, partially obscured)

= 4.4

ppm

IH, 1, C 3 -H, partially obscured)

= 3.4

ppm

IH, broad m, H.CH-N-).

3.2

ppm

IH, broad m, HCH-N-).

2.74 ppm

3H, s, N(CH.J)

= 2.3

ppm

IH, broad m, HCH-CH2N-)

= 2.1

ppm

IH, broad m, HCH-CH2N-)
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I.

PREPARATION OF TERTIARY AMINE
Dihydro-(N,N-dimethyl)i sotryptamine
Sodium borohydride (0.9g., 23.7m.mole) suspended
in 35mL. of diglyme, was added dropwise from a pressure
equalizing funnel over a period of 24 hours to a stirred
solution of dihydroisoindol—
ethanamide

1-one-3-(N,N-dimethyl)

(l.Og., 4.6m.mole)

dissolved in boron tri-

fluoride/diglyme (5.OmL./I 7.5mL.).

The reaction mix-

ture was protected from atmospheric oxygen and moisture
and was further stirred for another 24 hours at a temperature not higher than 30°C.

At the end of this

reaction time, the excess diborane was hydrolysed by
methanol and the resulting solution was evaporated in
vacuo below 30°C.

The residue was acidified with 2N.

hydrochloric acid and warmed at 30°C to cleave the
amine-borane complex.

Any unreacted amide was recovered

by extracting it into dichloromethane.
The aqueous phase was basified with 2N. sodium
hydroxide and the water insoluble material was filtered
off.

A mixture of amine and inorganic residue was left

after the filtrate was acidified and evaporated in vacuo
The free amine was obtained by washing the precipitate
with dry ethanol several times.

The viscous oil was

then purified by preparative silica t.l.c. methanol/
chloroform/ammonium hydroxide; (2/3/2).
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Yield: 0.6g (70%).
(Found: C,75.9; H, 9.2; N, 14.8%. Calculated
C

12H18N2: C»

75,7; H

' 9'5; N' 14-7%)-

Mass Spectrum: ^ 191 (100%) MH+
The N.M.R. Spectrum (D^O) showed signals at
7.4

ppm

4H, m, C 4 , C 5 > C

and C 7 ~H)

= 5.1

ppm

IH, c[ of d_, C,-H,

= 4.7

ppm

IH, d_, C 3 -H, unresolved).

= 4.6

ppm

IH, d^, C--H, unresolved).

3.4

ppm

IH, broad m, HCH-N-, unresolved).

3.3

ppm

IH, broad m, HCH-N-, unresolved).

unresolved)

2.96 ppm

3H, s_, N - C H 3 ) .

2.95 ppm

3H, s_, N-CH3).

2.6

ppm

IH, broad m, HCH-CH2N- , unresolve

= 2.5

ppm

IH, broad m, HCH-CH 2 N-, unresolved
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5-Hydroxydihydro-(N ,N-dimethyl)isotryptamine
Sodium borohydride (1.7g., 43.5m.mole) suspended
in 35mL. of diglyme, was added dropwise from a pressure
equalizing funnel over a period of 24 hours to a stirred
solution of 6-hydroxydihydroisoindol — 1-one-3-(N,Ndimethyl)ethanamide (l.Og., 4.3m.mole)

dissolved in

boron trifluoride/diglyme (lO.OmL./35mL.).

The reac-

tion mixture was protected from atmospheric oxygen and
moisture and was further stirred for another 24 hours
at a temperature not higher than 30°C.

At the end of

this reaction time, the excess diborane was hydrolysed
by methanol and the resulting solution was evaporated
i n vacuo below 30°C.

The residue was acidified with 2N.

hydrochloric acid and warmed at 30°C to cleave the
amine-borane complex.

Any unreacted amide was recovered

by extracting it into dichloromethane.
The aqueous phase was basified with 2N. sodium
hydroxide and the water insoluble material was filtered
off.

A mixture of amine and inorganic residue was left

after the filtrate was acidified and evaporated in vacuo
The free amine was obtained by washing the precipitate
with dry ethanol several times.

The viscous oil was

then purified by preparative silica t.l.c. methanol/
chloroform/ammonium hydroxide; (2/3/2).

The pure amine

was immediately converted to the more stable white
crystals of the hydrochloride salt.

- 151 Yield: 0.75g. (85%).
(Found: C, 70.0; H, 8.6; N, 13.9%. Calculated for
C

12H18N20: C'

69,9; H

'

8,8; N

'

13 6;

'

°' 7*8%)-

Mass Spectrum: | 207 (100%) MH+
The N.M.R. Spectrum (CD30D) showed signals at
= 7.3 ppm (IH, d, C?-H, Jg/7 = 8.6Hz).
6.85 ppm (IH, d, Cg-H, Jg/7 = 8.6Hz).
6.83 ppm (IH, s_, C4~H).
- 5.0 ppm (IH, d of d, C^H, obscured).
4.6 ppm (IH, d, C3-H, partially obscured).
= 4.5 ppm (IH, d, C3-H, partially obscured).
= 3.9 ppm (IH, broad m, HCH-N-, unresolved).
= 3.3 ppm (IH, broad m, HCH-N-, unresolved).
2.95 ppm (3H, s_, N-CH3).
2.90 ppm (3H, s_, N-CH3).
= 2.5 ppm (IH, broad m, HCH-CH2N-, unresolved).
= 2.4 ppm (IH, broad m, HCH-CH2N-, unresolved).
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J.

PREPARATION OF ISOINDOLO-[1,2-c]HEXAHYDROPYRIMIDINE .

Formaldehyde (0.75mL., 1.2m.mole) was added to a'
stirred solution of dihydroisotryptamine (2.0g., 12.3
m.mole) dissolved in tetrahydrofuran or dry ethanol.
The mixture was stirred for 2 days at 25°C. After
removing the alcholic solvent in vacuo, the red oil
was dissolved in 2N. sodium hydroxide. Isoindolo
[1 ,2-c]hexahydropyrimidine was extracted into chloroform
from the basic medium.

(Found: C, 75.9; H, 8.2; N, 15.9%. Calculated for
C

11H14N2: C'

75-8; Hj 8,1; N

'

16 1%)

'

-

The N.M.R. spectrum (CDC13) of isoindolo-[l,2-c]hexahydropyrimidine showed a four proton singlet at 7.2 ppm
and complex multiplets between 1.5 and 4.5 ppm. The
resolution of the multiplets was inadequate for
analysis.

- 153 -

Attempted Preparation of Isoindolo-[1,2-c]hexahydrop.yrimidi ne
Dihydroisotryptamine (0.5g., 3.1m.mole) in 3mL. of
0.19mL. of formaldehyde was adjusted to pH 6.5 with
0.1N sulphuric acid. The mixture heated slowly to
110°C for 20 min. The aqueous phase evaporated off i_n
t

vacuo. Mass spectrum showed only the dimerised dihydroisotryptamine .
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